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EXECUTIVE SUMMARY

BACKGROUND

This limited field investigation (LFI) report summarizes the data collection and
analysis activities conducted during the 100-FR-1 Source Operable Unit LFI and the

associated qualitative risk assessment (QRA), and makes recommendations on the continued

candidacy of high-priority sites for interim remedial measures (IRM). The results and
ren,mmendations-presented-ittthis renort amgenerally independent of future land use

scenarios. This report is unique in that it is based on Hanford-specific agreements discussed

in the Hanford Federal Facility Agreement and Consent Order ( Ecology et al. 1990), the

Hanford Site Risk Assessment Methodology (DOE-RL 1994a), the RCRA Remedial
Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit (DOE-RL 1992a),
and the Hanford Past-Practice Strategy (HPPS) (DOE-RL 1991), and must be viewed in this

context. The HPPS, described and justified in The Hanford Federal Facility Agreement and

Consent Order Change Package (Ecology et al. 1991), emphasizes initiating and completing
waste site cleanup through interim actions.

An LFI is required when existing data are insufficient to formulate a conceptual
model and perform a QRA. The purpose of the report is to identify those sites that are
recommended to remain as candidates for IRM, provide a preliminary summary of site
characterization studies, refine the conceptual model as needed, identify contaminant- and
location-specific applicable or relevant and appropriate requirements (ARAR), and provide a
-qU61116t1ve-aJ3essment VfthY-t1Jk.l-43jVVtated-VVtth-the-JttyJ. -Thts-6.]-3eS.]ment tn\rlndej

consideration of whether contaminant concentrations pose an unacceptable risk that warrants
action through IRM. An IRM is defined by the HPPS in broad terms and is not restricted to
limited- or near-term actions. Interim remedial measures are intended to achieve remedies
that are likely to lead to a final Record of Decision. The final decision to conduct an IRM
will rely on many factors including risk, ARAR, future land use, point of compliance, time
of compliance, a bias-for-action, and the threat to human health and the environment.

The unit managers assigned all known and suspected areas of contamination in the

4100-FR I OpErablE niicrihEr a hlgh or 1Gw=prioiity; aS"ii3icdin"TabiE cS-i. Thc

classification of sites was based on the collective knowledge of the three parties and

information contained in existing work plans. The site classification decisions were made

during joint meetings with the three parties and are documented by meeting minutes that are

part of the administrative record. Sites classified as high-priority were judged to pose risk(s)

through one or more pathways sufficient to recommend a streamlined action via an IRM.

Low-priority sites do not pose risks sufficient to recommend streamlining.

The 100-FR-1 Operable Unit is one of three operable units associated with the
-
Inn Fv A.o, at the ?^arr^r,îv c;tP

. The 1
lVVnn l

7
--llllia^ JaIV-iJV Y 1, R_ 1 and 100-FR-2 Operable Units address

contaminant sources while the 100-FR-3 Operable Unit addresses contamination present in
the underlying groundwater. The 100-FR-1 Operable Unit encompasses approximately

---- --- --- --- -- 1.3 kmZ(0.Smi=^-and is located tmmedtatPly ad,acent to_ the CGlumbia RivPr shoreltne. In
general, it contains waste units associated with the original plant facilities constructed to
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support F Reactor operation, as well as the cooling water retention basin system and

biological laboratories for studying the effects of radiation on plants and animals.

The 100-FR-1 LFI began the investigative phase of the remedial investigation for a

select number of high-priority sites. The LFI was performed to provide additional data

needed to support selection, design and implementation of IRM, if needed. The LFI

included: data compilation, nonintrusive investigations, intrusive investigations at eight

high-priority sites, summarization of 100 Area aggregate studies, and data evaluation.

INVESTIGATION RESULTS

Three methods of intrusive investigation were used in the LFI: boreholes were

drilled, test pits were excavated, and surface soils were sampled. The samples were

submitted for laboratory analysis. One remote sensing technique was employed to

radiologically survey boreholes using downhole geophysical techniques to further delineate

the locations and levels of radiological contaminants. Materials removed from the boreholes

and test pits were screened in the field for volatile organic compounds and radionuclides to

assist in selection of sample intervals. Analytical data were validated. All data associated

with the LFI were evaluated.

Eight high-priority sites were intrusively investigated: 116-F-1, 116-F-2, 116-F-3,

i 16=F-4; 116-F-6; 116-F-9 116-F-14;-and the I08-F french-drain: - One low-p.^:ority site

(132-F-1) was intrusively investigated because it was associated with the experimental animal

farm and is unique to the 100-FR-1 Operable Unit. Boreholes were drilled and sediments

sampled at 116-F-1, 116-F-2, 116-F-4, 116-F-6, 116-F-9, and 116-F-14. Test pits were

excavated and sediments sampled at 116-F-1, 116-F-3, 116-F-9, and 132-F-1 (low-priority

site). Surface sediments were sampled at the 108-F french drain.

..-RadtologiCal -c0iltaftltnation is the prima.'V -Confern- as cOnfirntedth.`-t)ugh--tl'i'.s-Study .

The principal radionuclides of concern are potassium-40, cobalt-60, strontium-90,

cesium-137, europium-152, europium-154, radium-226, thorium-228, and plutonium-238.

The highest concentrations of radionuclides were found in 116-F-4 pluto crib and the

116-F-14 retention basin samples. No Concentrations exceed potential soil ARAR, Model

Toxics Control Act (MTCA) Method B concentrations. Semi-volatile organic compounds

were detected in low concentrations, and were generally below the contract required

zluantitation iimits: - Jo3atiie orgariio compounds, while detected, were generally low in

concentration or likely are laboratory artifacts. Contaminant concentrations and locations

determined through the intrusive investigation generally confirm historical information such

as documented in Dorian and Richards (1978). The remaining high-priority sites in the

100-FR-1 Operable Unit were evaluated using data from analogous facilities in the

100 Areas. An expedited response action is not warranted based on the evidence of this
investigation.
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QUALITATIVE RISK ASSESSMENT

A QRA was performed for the high-priority sites. Conservative assumptions such as

highest reported contaminant levels from either the LFI or historical data base were utilized.

The QRA provides estimates of human health risks assuming either frequent- or

occasional-use and includes considerations such as the attenuation of external dose provided

by layers of clean gravel fill that overlie many sites. The QRA identifies the human health

risk to be external exposure from the radionuclides cobalt-60, cesium-137, europium-152,

and europium-154. The QRA also provides environmental hazard quotient (EHQ) risk

estimates for the 100-FR-1 high-priority sites.

SITE EVALUATION CRITERIA

The 100-FR-1 high-priority sites were evaluated using the following criteria to

identify and screen sites recommended to continue as an IRM candidates; a detailed

discussion of the criteria is provided in Section 5.2 of this report:

• The QRA provides risk estimates for human health and the EHQ ratings. Sites

with hieh or medium risks to human health for the occasional-use scenario are

recommended to continue as IRM candidates. High risk corresponds to an

incremental cancer risk (ICR) > 1E-02. Medium risk corresponds to an ICR

between 1E-04 and 1E-02. Low risk corresponds to an ICR between I.E-06

and 1E-04. Very low risk corresponds to an ICR of < IE-06. Sites with an

t:•H2atInne . " _:^-•__, sI^ also -eecOmmertded=^1 Cutltirtue=aal"^iv^ Lauu'rua,es:

• If contamination at the waste site exceed a chemical-specific ARAR, that site
is_1.Iommended_3fl-c ntir;:e as n_;R^". und;^ate. The Washington State
MTCA Method B concentrations are potential ARAR for soil contamination,
as discussed in Section 3-20 of this report and in the 100 Area Feasibility
Study, Phases 1 and 2 (DOE-RL 1992c). Model Toxics Control Act Method
B for soil contaminant concentrations are utilized because they are the accepted
regulatory guideline.

• If LFI results indicate that a site is a current source of groundwater
contamination then the site is recommended to continue as an IRM candidate.

• The conceptual model for the waste site includes sources of contamination,
types of contaminants, affected media, known and potential routes of
migration, known or potential human and environmental receptors, and the
general understanding of the site structure/process. If the conceptual model of
the site is found to be incomplete, collection of data needed to complete the
model through limited field sampling is recommended. Sites with incomplete
conceptual models are recommended to continue as IRM candidates,

• The potential for the contaminants at a site to be reduced by natural
attenuation, e.g., radioactive decay by the year 2018, may be a consideration

ES-3
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for sites where the excess risk is caused by external exposure from
radionuclides with half lives of < 30 years. This is not a consideration for
sites where multiple exposure pathways drive the risk.

IRM RECOMMENDATIONS

Table ES-2 presents the evaluation of the high-priority waste sites using the above

criteria, and the site-specific IRM candidate recommendations. The following sites are
recommended to continue as IRM candidates:

• 116-F-1, 116-F-2, 116-F-3, 116-F-6, 116-F-9, 116-F-10, 116-F-14, and 108-F
french drain.

• These additional sites are recommended to continue as IRM candidates.
116-F-8, 116-F-12, 116-F-13, UN-100-F-1, 132-F-6, and the Pacific
Northwest Laboratory outfall structure. Additional limited sampling is
recommended at these sites in order to complete their conceptual models.
Once the conceptual models are completed the sites should be reevaluated to
consider their continued candidacy for IRM.

The 116-F-4, 116-F-5, 116-F-11, and the Process/Discharge Pipelines are not
recommended to continue as IRM candidates because human and ecological risks are low,
soil contamination does not exceed ARAR, there is no impact to groundwater, and natural
attenuation will further reduce site risks. Action at these sites may be deferred until final
remedy selection.

ES-4
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Table ES-1 100-FR-1 Operable Unit High-Priority Sites and Low-Priority

Facilities

High-Prioriiy Sites Luw-Piiarii'y Sitcs

116-F-I Trench 116-F-7 French Drain +

116-F-2 Trench 1607-F Septic tanks and Drain Fields +

116-F-3 Storage Basin Trench '' 132-F-1 Chronic Feeding Barn

II 1_ 1_6_-F-4 Crib 132-F-3 Gas recirculation Facility
demolition Site +

I16-F-5 Crib
132-F-5 Filter Facility Demolition Site `

116-F-6 Liquid Waste Disposal Trench '

116-F-8 Outfall Structure +

116-F-9 Trench '

116-F-10 French Drain

116-F-11 French Drain

116-F-12 French Drain

116-F-13 French Drain

116-F-14 Retention Basins

108-F French Drain *

Process/Discharge Pipelines

UN-100-F-1 Spill

132-F-6 Waste Water Pumping Station

PNL Outfall Structure

* = Additional sampling conducted as part of a limited field investigation
+ = Additional data from an analogous facilitv (DOE-RL 1992a)
PNL = Pacific Northwest Laboratory

ccm t
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Waste Site Qualitative Risk

Estimation

Conceptual

Model

Exceeds

ARAR

Possible

Current

Potential for

Natural

IRM

Candidate

/
Occesionel-Usa

Scenario

EHQ > 1
Impacton

Groundwater

Attenuation

by 2018

noyee

116-F-1 Lewis Canal Medium Yes Adequate No Unknown No Yes

116-F2 Basin Overflow Trench Medium lres Adequate No Unknown No Yes

116-F- 3 Fuel Storage Basin Trench Medium Yes Adequate No Unknown No

116F4 Pluto Crib " Medium•' Yes•• Adequate NA Unknown NA N

116F6 Liquid Waste Disposal Trench Medium YBS Adequate No No No

116F9 PNL Animal Waste Leach Trench Low Yes Adequate No Noi No

116F14 Relention Basin Medlum Ye5 Adequate No Yes No

108F Fiench Drain Low Yes Adequate No Yes No

P

116-F5 Ball Washer Crib Very Low No Adequate Unknown No Yes

116F8 Outfall Structure Mediurn• Incoblplete! Unknown' Unknown' Unknown'

116F10 Dummy Decontaminatlon French

Drain

Medium No Adequate Unknown No Yes

116F11 Cushion Corridor French Drain Low No Adequate Unknown Unknown Yes

116-F-12 French Drain Medium• -- Incorllptete` Unknown' No Unknown' Yes'

116-F-13 Experimental Garden French Drain Medium' -- Incomplete" Unknown* No Unknown* Yes'

Process/Discharge Pipelines Very Low No Adequate Unknown Unknown Yes No

UN-100F-1 Low' -- incofnplete- Unknown' No Unknown' Yes'

132F-6 Lift Station Demolition Site Very Low• -- Incomplete• Unknown* Unknown* Unknown* Yes'

PNL Outfall Structure Low• Irloompleie"' ' Unknown• Unknown• Unknown* Yes•

= Not sampled, conceptual model is considered incomplete, risk is based upon analogous information

• = Qualitative risk reduced/removed by removal of contaminated material as par7 of the 1W Area Excavation Treatability Test (DOE-RL 1994b)

( Qualitative Risk Estimation based upon LFI Borehole Data prior to Treatability Excavation)

= Not rated by the qualitative ecological risk assessment

ARAR = Applicable or Relevant and Appropriate Regulation, specificalty the Washington state Model Toxics Control Act Method B concentration values for soils

(DOE-RL 1992a)

EHQ = Environmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993)

NA = Not Applicable

Shaded areas indicate driving factors keeping site as IRM candidate
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ACR.^,N;:.^

ARAR applicable or relevant and appropriate requirements

ASTM American Society for Testing and Materials
^Qm_ "°--^°°_,u^^^t,c^^JprEllenSlve'"nvironviEntal Response, ^.at:wn and Lta t rty ActCERCLA l;

CLP Contract Laboratory Program
COPC contaminants of potential concern
CRQL contract required quantitation limit
DOE U.S. Department of Energy
EAF Experimental Animal Farm

Ecology Washington State Department of Ecology
EHQ environmental hazard quotient
EII Environmental Investigation Instruction

EPA U.S. Environmental Protection Agency

ERA expeditPd recpnncP actinn

FS feasibility study
HPPS Hanford Past-Practice Strategy
ICR incremental cancer risk
IRM interim remedial measure

. ,__-_._^
LFl rnniicu iiciu investigation

MTCA Model Toxics Control Act

NCRP National Council on Radiation Protection and Measurements
OVM organic vapor monitor
PCB polychlorinated biphenyl
PID photoionization detector
PNL Pacific Northwest Laboratory
QC quality control
QRA qualitative risk assessment
RCRA Resource Conservation and Recovery Act
RI -- - - remedial-investi.gatio,n,

----- ----- RL Rll.hla^ld Vil^.r6llV11J VI^VG

sG specific gravity
TAL target analyte list
TBC to-be-considered
Tri-Party
Agreement

UTL
VOC
WHC

Hanford Federal Facility Agreement and Consent Order
upper threshold limit

volatile organic compound
Westinghouse Hanford Company



DOE/RL-93-82
Draft A

iv



DOE/RL-01^j.^^
Draft A

CONTENTS

1.0 INTRODrrCTION . . . : : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-1

1.1 SITE BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2

1. 1. 1 Operable Unit Background . . . . . . . . . . . . . . . . . . . . . . . . . 1-2

1.1.2 The 100-FR-1 Operable Unit Conceptual Site Model .......... 1-3

1.2 THE HANFORD PAST-PRACTICE STRATEGY AND THE 100-FR-1

LFI ............................................ 1-4
1-41.2.1 Hanford Past-Practice Strategy : . . . . . . . . . . . . . . . . . . . . . .

1.2.2 Application of the Hanford Past-Practice Strategy to the 100-FR-

1 Operable Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5

1.3 HISTORICAL DATA . . . . . . . . . . . . . . . . . . . . . . . .

2.0 INVESTIGATIVE APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.1 100-FR-1 LFI SAMPLING AND FIELD ACTIVITIES . . . . . . . . . . . . . 2-1

2.1.1 Vadose Zone Borehole Drilling and Test Pit Excavation ....... 2-2

2.1.2 Field Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-3

2.1.3 Geophysical Logging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3

2.1.4 Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-4

2.2 AGGREGATE AREA INVESTIGATIONS . . . . . . . . . . . . . . . . . . . . . 2-4

2.2.1 100 Area Topography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4

2.2.2 Ecological Investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5

2.2.3 Cultural Resources Review . . . . . . . . . . . . . . . . . . . . . . . . . 2-6

2.3 SAMPLE ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-6

2.4 DATA VALIDATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-6

2.5 HANFORD SITE BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7

3.0 INVESTIGATION RESULTS AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . 3-1

3.1 116-F-1 LEWIS CANAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-2

3.1.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-2

3.1.2 116-F-1A Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-2

3.1.3 116-F-1B Test Pit Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-4

3.1.4 l 16-F-1C Test Pit Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-5

3. 1.5 Summary . . . . . . . . . . . . . . . .. : . . . . . . . . . . . . . . . . . . . 3-5

3.1.6 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
^^ 11GL^

Z1V-1 -L
DACTATl1VIIDFTl1VUTDT^9Q!`IL

+^wa v.• . . . . . . . . . . . . . . . . . . . . .YAJIi^ V I a.
3-^].

3.2.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-7
3.2.2 116-F-2 Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . . . 3-8

3.2.3 Summary . . .. . . . .. . . . .. .. . . . . . . . . . . . ... . . . . . .3-9
3.2.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-10

3.3 116-F-3 FUEL STORAGE BASIN TRENCH . . . . . . . . . . . . . . . . . . . 3-10

- 3.3.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-10

3.3.2 116-F-3 Test Pit Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-10
3.3.3 Summary . . . . . . . . . . . : .. . . . . . . . . . . . . . . . . . . . . . 3-11

--3.3.4- -GTOUndwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . 3-12
3.4 116-F-4 PLUTO CRIB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13

v



DOE/RL-93-82
Draft A

3.4.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13

3.4.2 116-F-4 Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-13
3.4.3 Treatability Test Excavation Overview . . . . . . . . . . . . . . . . . 3-14

3.4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-15

3.4.5 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-16

3.5 116-F-6 LIQUID WASTE DISPOSAL TRENCH . . . . . . . . . . . . . . . . 3-16

3.5.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-16
3.5.2 116-F-6 Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . . 3-17

3.5.3 Summary ................................... 3-18
3.5.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-18

3.6 116-F-9 PNL ANIMAL WASTE LEACH TRENCH . . . . . . . . . . . . . . 3-19

3.6.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19

3.6.2 116-F-9C Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . 3-19

3.6.3 116-F-9D Test Pit Soil Samples . . . . . . . . . . . . . . . . . . . . . 3-20

3.6.4 Summary . . . . . . . . . . . . .. .. .. . . . .. . . . . .. . . . . .. 3-21

3.6.5 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-22

3.7 116-F-14 RETENTION BASIN . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-22

3.7.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-24

3.7.2 116-F-14 Borehole Soil Samples . . . . . . . . . . . . . . . . . . . . . 3-24

3.7.3- Fhysical Properties Samples . . . . . . . . . . . . . . . . . . . . . . . . 3-25

3.7.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-26
3.7.5 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-27

3.8 108-F FRENCH DRAIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27

3.8.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27
3.8.2 108-F Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-28
3.8.3 Summary . . . . . . . . . . .. .. . .. .. . .. .. . . . . . . . . . . . 3-28
3.8.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-29

3.9 116-F-5 BALL WASHER CRIB . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-29

3.9.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-29
3.9.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-30

3.9.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-30
- -'1 o A

J.J.7 . . . . . . .^
rVY
--- d--^atA- Assessme^t . . . . . . . . . . . . . . . . . .V^^Uw4lrl 3 -30

3.10 116-F-8 OUTFALL STRUCTURE . . . . . . . . . . . . . . . . . . . . . . . . 3-30
3.10.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-31
3.10.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-31
3.10.3 Summary . . . . . .. . . .. .. . .. . . . .. . . . . . . . . ... . . 3-31
3.10.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-31

3.11 116-F-1 0 DUMMY DECONTAMINATION FRENCH DRAIN ....... 3-32

3.11.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32
3.11.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32
3.11.3 Summary . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . 3-32
3.11.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-33

3.12 116-F-1 1 CUSHION CORRIDOR FRENCH DRAIN . . . . . . . . . . . . . 3-33
3.12.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-33
3.12.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-33
3.12.3 Summary ........ .......................... 3-34
3.12.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-34

vi



A^ID^p

DO;:RL-^^^i
^`

,y „^ ^.V »R ,Q() w;. n
Draft A

3.13 116-F-12 F,DE":CH DRAI*: . . . . . . . . . . : . . . . . . . . . . . . . . . . . 3-34
...................................3.13.1 Geology 3 -34

3.13.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-35

3.13.3 Summary .. . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . 3-35
3.13.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-35

3.14 116-F-13 EXPERIMENTAL GARDEN FRENCH DRAIN . . . . . . . . . . 3-35

3.14.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-35
3.14.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-36

_
3.14.3 Summary . . . .. . . .. . . . . . . . . . . . ... . . . . .. . . . . : 3-36
3.14.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-36

3.15 _ PROCESSGDISCHARGE PIPELINES . . . . . . . . . . . . . . . . . . . . . . 3-36

3.15.1 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-36

3.15.2 Summary . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . 3-37
3.15.3 Groundwater Assessment . . . . . . . . . • . • • • • . • • • • • • • • . 3-37

3.16 UN-100-F-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37
...................................3.16.1 Geology 3-37

3.16.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-38

3.16.3 Summary . . .. . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . 3-38
3.16.4--Groundwater Assessmenr . . .. ... . . ...._. . . .-. ... . . . . . . . . . 3-38

3.17 132-F-6 LIFT STATION DEMOLITION SITE . . . . . . . . . . . . . . . . . 3-38

...................................3.17.1 Geology 3-39
3.17.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-39

3.17.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-39
3.17.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-39

3.18 PNL OUTFALL STRUCTURE . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40
...................................3.18.1 Geology 3-40

3.18.2 LFI Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40

3.18.3 Summary . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . 3-40
3.18.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-40

3.19 132-F-1 CHRONIC FEEDING BARN . . . . . . . . . . . . . . . . . . . . . . 3-41
3.19.1 Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41

._-_.__ 101) 117 -T7_1 Tnof D;t Qn;l Comn^_a^.oas.s.v_e..^.aat S_. : :_ ,_ . , ._ .. ..-, .-, .- .... . . .. 3-41
3.19.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42
3.19.4 Groundwater Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 3-42

3.20 APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS .. ............................... 3-42

4.0 SUMMARY AND CONCLUSIONS OF THE QUALITATIVE RISK
ASSESSMENT .........................................4-1
4.1 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT . . . . . . . . . . . 4-1

4.1.1 Results of the Human Health QRA . . . . . . . . . . . . . . . . . . . . 4-2
4.1.2 Summary of Key Uncertainties in the Human Health Risk

Assessment ................................. 4-2
4:2--ECOLOGICAL c)LIALITATI_VE-IiISK ASSFSSMF.NT . . . . . . . . . . . . . 4-3

4.2.1 Results of the Ecological Evaluation . . . . . . . . . . . : . . . . . . . . 4-3
4.2.2 Summary of Key Uncertainties in the Ecological Evaluation ..... 4-4

vii



nnF/Rr_4'i-R?

Draft A

5.0 RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5-1
5.1 HIGH-PRIORITY SITE IRM CANDIDATE EVALUATION CRITERIA .. 5-1

5.1.1 Qualitative Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.2 Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2
5.1.3 Applicable or Relevant and Appropriate Requirements ....... .. 5-2
5.1.4 Current Impact on Groundwater . . . . . . . . . . . . . . . . . . . . . . 5-2
5.1.5 Potential for Natural Attenuation . . . . . . . . . . . . . . . . . . . . . . 5-2

5.2 HIGH-PRIORITY SITE IRM CANDIDATE RECOMMENDATIONS . . .. 5-3
5.2.1 116-F-I Lewis Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3
5.2.2 116-F-2 Basin Overflow Trench . . . . . . . . . . . . . . . . . . . . . . 5-4
5.2.3 116-F-3 Fuel Storage Basin Trench . . . . . . . . . . . . . . . . . . . . 5-4
5.2.4 116-F-4 Pluto Crib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-4
5.2.5 116-F-6 Liquid Waste Disposal Trench . . . . . . . . . . . . . . . . . . 5-4
5.2.6 116-F-9 Animal Waste Leach Trench . . . . . . . . . . . . . . . . . . . 5-5
5.2.7 116-F-14 Retention Basin . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5
5.2.8 108-F French Drain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5
5. 2. 9 . . . . . . . . . . . . : . . . . . . . . . . .C . .5-5
5.2.10 116-F-8 Outfall Structure . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6
5.2.11 116-F-10 Dummy Decontamination French Drain . . . . . . . . . . . 5-6
5.2.12 116-F-11 Cushion Corridor French Drain . . . . . . . . . . . . . . . . 5-6
5.2.13 l16 F 11 Frer.ch Duin . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6
5.2.14 116-F-13 Experimental Garden French Drain . . . . . . . . . . . . . 5-7
5.2.15 Process/Discharge Pipelines . . . . . . . . . . . . . . . . . . . . . . . . 5-7
5.2.16 UN-100-F- I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7
5.2.17 132-F-6 Lift Station Demolition Site . . . . . . . . . . . . . . . . . . . 5-7
5.2.18 PNL Outfall Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7
5.2.19 Nonprioritized Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5-8

6.0 REFERENCES ...........................................6-1

APPENDIX A

DORIAN AND RICHARDS (1978) SAMPLING RESULTS
(DECAYED TO JANUARY 1993) . . . . . . . . . . . . . . A-1

FTGURES:
Figure 1-1 High-Priority Sites and Low-Priority Facility Locations . . . . . . . . . . . . 1F-1
€igure 1 2 100-€R-1 Opeiabie Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1F-2
Figure 1-3 Hanford Past-Practice Strategy Decision Flow Chart . . . . . . . . . . . . . . 1F-3

-^:glure I=u Map ef 100 F Area Showing Source and Groundwater Operable Units ... 1F 4
Figure 2-1 Limited Field Investigation Intrusive Sampling Locations . . . . . . . . . . . . 2F-1
Figure 3-1 Limited Field Investigation Intrusive Sampling Locations (Reactor

Vicinity) .. ..... ... ...................... . . . . . . . . . ...3F-1
Figure 3-2 Limited Field Investigation Intrusive Sampling Locations
(Retention Basin Vicinity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3F-2
Figure 3-3 Limited Field Investigation Facility Locations . . . . . . . . . . . . . . . . . . 3F-3
Figure 3-4 Total Chromium Concentrations in Groundwater,

viii



DOE/RL-^Ii T!^ !j a1
Draft A

Maximum 1992/93 Values From 100-FR-3 Monitoring Wells . . . . . . . . . . . . . . . . 3F-4

Figure 3-5 Strontium-90 Concentrations in Groundwater,
Maximum 1 992/93 Values From 100-FR-3 Monitoring Wells . . . . . . . . . . . . . . . . 3F-5

Figure 3-6 Summary Diagram of the 116-F-1A LFI Borehole Data ........... . 3F-6

Figure 3-7 Summary Diagram of the 116-F-1B LFI Test Pit Data ............ . 3F-7

Figure 3-8 Summary Diagram of the 116-F-1C LFI Test Pit Data ............ . 3F-8

Figure 3-9 Summary Diagram of the 116-F-2 LFI Borehole Data . . . . . . . . . . . . . 3F-9

Figure 3-10 Summary Diagram of the 116-F-3 LFI Test Pit Data ............ 3F-10

Figure 3-11 Summary Diagram of the 116-F-4 LFI Borehole Data ............ 3F-11

Figure 3-12 Summary Diagram of the 116-F-6 LFI Borehole Data ............ 3F-12

Figure 3-13 Summary Diagram of the 116-F-9C LFI Borehole Data ........... 3F-13

Figure 3-14 Summary Diagram of the 116-F-9D LFI Test Pit Data ........... 3F-14

Figure 3-15 Summary Diagram of the 116-F-14 LFI Borehole Data ........... 3F-15

Figure 4-1 100-FR-1 Operable Unit Waste Site Total Human Health Risks
100-FR-1 Operable Unit Waste Site Human Health Ingestion Risks

100-FR-1 Operable Unit Waste Site Human Health Inhalation Risks ... . 4F-1

Figure 4-2 F,ffect of Radionuclide Decay on Frequent-Use Scenario Site Risks .... . 4F-2

Figure 5-1 Conceptual Model Contaminant Exposure Pathway
for the 100-FR-1 Operable Unit . . . . . . . . . . . . . • . 5F-1

TABLES:
Table ES-1

Table ES-2
Table 1-1

Tahle 2-1

Table 2-2

Tabie 2-3

Table 2-4

Table 3-1

- Table 3-2
Table 3-3
Table 3-4
Table 3-5
Table 3-6
Table 3-7
Table 3-8
Table 3-9
Table 3-10
Table 3-11
Table 3-12
Table 3-13

- Table-3-14

100-FR-1 Operable Unit High-Priority Sites and Low-Priority

Facilities . . . . . . . . . . . . . . . . . . . . . EST-1

IRM Recommendations for 100-FR-1 High-Priority Sites . . . . . . . . . . EST-2
100-FR-1 Operable Unit High-Priority Sites and Low-Priority

Facilities . . . . . . . . . . . . . . . . . . . . . . 1 T-1
100-FR-1 Operable Unit Characterization Activities . . . . . . . . . . . . . . 2T-la

LFI Investigation Activities for 100-FR-1

OYrable LTnit High Prio.^ay 'zi:e, (page 1 of 3) ......... 2T-2a
1W Area Analogous Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2T-3
Summary Statistics and Upper Threshold Limits

for Inorganic Analytes . . . . . . . . . . . . . . . . . . 2T-4
Analytical Results for the 116-F-1A Borehole . . . . . . . . . . . . . . . . . . 3T-la
Analytical Results for the 116-F-1B Test Pit _ _ - _ _ . . . . __ , . , . . , 3T-2a
Analytical Results for the 116-F-1C Test Pit . . . . . . . . . . . . . . . . . . 3T-3a
Analytical Results for the 116-F-2 Borehole . . . . . . . . . . . . . . . . . . . 3T-4a

Analogous Site Comparison for 116-F-2 . . . . . . . . . . . . . . . . . . . . . 3T-5a
Analytical Results for the 116-F-3 Test Pit . . . . . . . . . . . . . . . . . . . 3T-6a

Analogous Site Comparison for 116-F-3 . . . . . . . . . . . . . . . . . . . . . 3T-7a
Analytical Results for the 116-F-4 Borehole . . . . . . . . . . . . . . . . . . . 3T-8a
Analytical Results for the 116-F-6 Borehole . . . . . . . . . . . . . . . . . . . 3T-9a
Analytical Results for the 116-F-9C Borehole . . . . . . . . . . . . . . . . 3T-10a
Analytical Results for the 116-F-9D Test Pit . . . . . . . . . . . . . . . . 3T-l la
Analytical Results for the 116-F-14 Borehole . . . . . . . . . . . . . . . . 3T-12a
Analogous Site Comparison for 116-F-14 . . . . . . . . . . . . . . . . . . 3T-13a
Analytical Results for the 10$F French Drain . . . . . . . . . . . . . . . 3T-14a

ix



- -- -- - -- - - - - ---- iX1F/Ri_-Q'^-R^

r v Draft A

Table 3-15 Analogous Site Comparison for 116-F-8 . . . . . . . . . . . . . . . . . . . . . 3T-15
Table 3-16 Analytical Results for the 132-F-1 Test Pit . . . . . . . . . . . . . . . . . . 3T-16a
Table 3-17 Potential Federal Chemical-Specific Applicable or Relevant and

Appropriate
Requirements for the 100-FR-1 Operable Unit . . . . . . . . . . . . . . . . . . . . . . . 3T-17a
Table 3-18 Potential State Chemical-Specific Applicable or Relevant and Appropriate
Requirements for the 100-FR-1 Operable Unit . . . . . . . . . . . . . . . . . . . . . . . 3T-18a

Table 3-19 Potential Chemical-Specific To-Be-Considered Guidance for the 100-FR-1
Operable Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3T-19a
Table 3-20 Potential Federal Location-Specific Applicable or Relevant and

Appropriate
Requirements for the 100-FR-1 Operable Unit . . . . . . . . . . . . . . . . . . . . . . . . . 3T-20
Table 3-21 Potential State Location-Specific Applicable or Relevant and Appropriate
Requirements for the 100-FR-1 Operable Unit . . . . . . . . . . . . . . . . . . . . . . . . . 3T-21

Table 3-22 Potential Location-Specific To-Be-Considered Guidance for the 100-FR-1
Operable Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3T-22
Table 4-1 Summary of the Human Health Qualitative Risk Assessment

for the 100-FR-1 Operable Unit High-Priority and Nonprioritized
Waste Sites with Data . . . . . . . . . . . . . . . . . 4T-la

Table 4-2 Summary of the Human Health Qualitative Risk Assessment
for 100-FR-1 Operable Unit High-Priority and Nonprioritized

Waste Sites without Data . . . . . . . . . . . . . . . . . 4T-2
Table 4-3 Environmental Hazard Quotients Summary for Radionuclides by Waste

Site ............................................. ..4T-3
Table 4-4 Environmental Hazard Quotients Summary for

Nonradiological Contaminants Which Exceed Hanford Background by Waste Site 4T-4
Table 4-5 Comparison of Contaminants (Exceeding the EHQ) Between Sites ...... . 4T-5
Table 5-1 Conceptual Model of 100-FR-1 High-Priority Sites: Structure/Process,

Source and Type of Contaminants, and Nature and Extent of Contamination . 5T-la
Table 5-2- Hanford Site Background 9s% lTpper Thrachnlli T_i,,,;re and Model

Toxics Control Act Method B Guidelines for Inorganic Analytes .... . 5T-2
Table 5-3 IRM Recommendations for 100-FR-1 High-Priority Sites . . . . . . . . . . . . 5T-3

x



1r^.i^:^i.i:`"u -
.

_.... . _..,...,,... ,
1JUh/KL-9J-252

Draft A

1.0 INTRODUCTION

This report summarizes the data-collection and anal•ysis activities during the 100-FR-1

Operable Unit limited field investigations (LFI) as well as the results of the associated
-qualitativP rick assessment (QRA). The Hanford Past-Practice Strategy (HPPS) (DOE-RL

1991), described in the Hanford Federal Facility Agreement and Consent Order (Tri-Party

Agreement) Change Package (Ecology et al. 1991), emphasizes accelerated cleanup of

waste-sites. This accelerated cleanup is done through a process called interim remedial

measures (IRM). A LFI is required when waste sites are to be considered for IRM and

existing data are insufficient to formuiaie a conceptual model and perform a QRA. The

information gathered during the LFI activities is then used to aid in making decisions

regarding performing IRM. The objectives of the LFI are described fully in the RCRA

Remedial Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit

-------- -- -- -(DOE=RL-1992a),-also refe_r_red to as-the I00-FR-1-Operahle Unit Work Plan. Objectives

are:

• identify those high-priority sites that are recommended to remain as candidates
for IRM

• summarize data collection and analysis activities

• refine the conceptual model as needed

• provide a qualitative assessment of the risks associated with the sites.

To limit the size of this report, the reader is referred to other documents for specific
details. This LFI report is based on agreements discussed in these Hanford Site specific
documents:

• Hanford Federal Facilitv Agreement and Consent Order (Ecology et al. 1990)

• Hanford Past-Practice Strategy (DOE-RL 1991)

• Hanford Site Risk Assessment Methodology (DOE-RL 1994a)

• RCRA Remedial Investigation/Feasibiliry Study Work Plan for the 100-FR-1
Operable Unit (DOE-RL 1992a).

It is important to note that the methods and requirement for completing IRM, QRA,
and LFi reports are specinc to the Hanford Site and may differ from activities with similar
names performed elsewhere. The methods and requirements used at the Hanford Site were
agreed to by the signatories of the Tri-Party Agreement.

Before LFI work began, the operable unit managers assigned either a high- or
low-priority to all known and suspected areas of contamination in the 100-FR-1 Operable
Unit. Table 1-1 lists these sites and Figure 1-1 shows site locations. The classification of
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sites was based on information from the work plans, historical information, and the collective

knowledge from Westinghouse Hanford Company (WHC) and its subcontractors, U.S.

Department of Energy - Richland Operations Office (DOE-RL), the U.S. Environmental

Protection Agency (EPA), and the Washington State Department of Ecology (Ecology). The

prioritization decisions were made during joint meetings with all the parties and are

dwumented-ittme„Pting-minutes!hat are pa.rt of the Administrative Record for the 100-FR-1

Operable Unit. Eighteen sites were classified as high-priority, they pose potential risk(s)

through one or more pathways sufficient to recommend cleanup via an IRM. Five

low-priority sites were identified which do not pose potential risks sufficient to justify

streamlining. The parties agreed that:

• none of the high-priority sites pose potential risks that would require an
expedited response action (ERA)

• LFI sampling was needed at 8 of 18 high-priority sites where data were
deemed insufficient to formulate a conceptual model and support the QRA

• certain activities would be more efficient to implement at the 100 Area
aggregate or Hanford Site scale rather than the operable unit scale.

This LFI report refines the conceptual model (a description of the contaminants and
their pathways to humans and the environment) and identifies other potential regulations
affecting cleanup (applicable or relevant and appropriate requirements [ARARj). The QRA
(summarized within the LFI report) uses both historical and the LFI data to show if
contaminants pose an unacceptable risk that warrants continuing a site on the IRM path. The
QRA is used only to assess risk for an IRM determination and is not intended to define
current risk or baseline risk in a traditional sense.

1.1 SITE BACKGROUND

The 100 F Area is located in the north-central part of the Hanford Site along the
southern shoreline of the Columbia River, approximately 32 km (20 mi) northwest of the
City of Richland, in the south-central portion of Washington State (DOE-RL 1992a).

1.1.1 Operable Unit Background

The 100-FR-1 Operable Unit comprises the northern half of the 100 F Area and is
located immediately adjacent to the Columbia River shoreline, encompassing approximately
1.3 km2 (0.5mi2) (See Figure 1-2 for location). It lies predominately within Section 33, the
eastern portion of Section 32, and the southeastern portion of Section 29 of Township 14N,
Range 27E. It is bounded by north/south Hanford Site plant coordinates N78500 and
N82500 and east/west coordinates W27600 and W33000 (DOE-RL 1992a).

The 100-FR-1 Operable Unit is one of three operable units associated with the 100 F
Area at the Hanford Site (see Figure 1-3). The 100-FR-1 and 100-FR-2 are source operable

1-2
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units, that address liquid effluent disposal sites, solid waste burial grounds, and their

underlying vadose zone. The 100-FR-1 Operable Unit contains waste units associated with

----------- -- ihe-origina! -plattt facilities constructed to support F Reactor operations, cooling water

retention basin systems and biological laboratories used for studying the effects of radiation

on--plattts-andanimals- The 1.00-FR-3--Groundwater Operable Unit-adtiresses-tontamination

that has migrated to the underlying groundwater.

The 100 F Reactor was the third Hanford reactor built to manufacture plutonium

during World War II. Fuel elements for the reactor were assembled in the 300 Area, and

the plutonium-enriched fuel produced by the reactor was processed in the 200 Area. The

100 F Reactor operated from 1945 to 1965, when it was retired. After the reactor was
ret;rPd, the buildings and facilities began decontamination and decommissioning to minimize

the potential spread of radioactive isotopes. The process is ongoing, although most of the
structures in the 100 F Area have been demolished.

Adjacent to the 100 F Reactor site was the Experimental Animal Farm (EAF), which
operated from 1945 until 1976. Deford (1993) provides a summary of EAF facilities and
their operational histories. This section summarizes that data.

The main biology laboratory for studying the effects of radiation on animals and plant
life was the 108-F building, which contained offices and laboratories. The earliest animal
research at 100 F began in 1945. These studies involved exposing fish to varying
concentrations of reactor cooling water effluent to assess possible effects of effluent discharge
on aquatic life in the Celumbia River: -Studies involk:ngsheep began :-n-the--Iate :-940s and
studies involving swine began in 1952. Most of the work performed on these animals
involved 20-year lifetime exposure studies. At various times, pilot studies were performed
using milk cows, chickens, ducks, and miniature goats. A series of studies on the effects of
ionizing radiation on beagle dogs also took place.

Radioecolot:v exoeritnents were alse conducted at the EAF. _ Greenhouses were used
for growing potted plants. Also, strontium garden plots were used for growing cereal grains,
alfalfa, and other crops in soil containing controlled amounts of strontium-90 and
cesium-137.

1.1.2 The 100-FR-1 Operable Unit Conceptual Site Model

The conceptual site model for the 100-FR-1 operable unit was developed during the
preparation of the remedial investigations/feasibility study (RI/FS) work plan. The
conceptual model as presented in the work plan addressed the following:

• structure and process of the waste sites
• source of contaminants
• type of contaminants
• nature and potential routes or migration
• known and potential human and environmental receptors.
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The conceptual model has been updated with data acquired through the LFI, and is

presented in Chapter 5 of this report.

1.2 THE HANFORD PAST-PRACTICE STRATEGY AND THE 100-FR-1 LFI

1.2.1 Hanford Past-Practice Strategy

The signatories to the Tri-Party Agreement (Ecology et al. 1990) recognized the need
for a new strategy of Resource Conservation and Recovery Act/Comprehensive
Environmental Response Compensation and Liability Act (RCRA/CERCLA) integration to
provide greater uniformity in the applicability of requirements to the Hanford Site.
Additionally, the signatories agreed that proceeding with the traditional CERCLA approach
would likely require too much time and too large a portion of a limited budget be spent

before actual cleanup would occur. Another motivation for a new strategy was the need to
coordinate past-practice investigations with RCRA closure activities since some operable
units contain RCRA treatment storage and disposal facilities.

In response to the above concerns, the three parties have decided to manage and
implement all past-practice investigations under one characterization and remediation
strategy, regardless of the regulatory agency lead (as defined in the Tri-Party Agreement).
The HPPS (DOE-Rl 1991) was developed to expedite cleanup by initiating and completing
waste site cleanup through interim actions. The HPPS focuses on reaching early decisions by
maximizing the use of existing data consistent with the data quality objectives with
short-time-frame investigations, where necessary. As more data become available on
contamination problems and associated risk, the details for longer-term investigations and
sw
a _J

uies are u
L

ct
•tcr uJ-ciCuic-Ju .

The HPPS process ( Figure 1-3) includes three paths for interim decision-making and a
final re.nPd y-celectton process for-the operable unit that in,^ 1-pFnrafA,C the three paths and
integrates sites not addressed in those paths. An important element of this strategy is the
application of the observational approach, in which characterization data are collected
concurrently with cleanup (DOE-RL 1991).

As shown in Figure 1-3, the three paths for interim decision-making are:

• The ERA path - used when an existing or near-term unacceptable health or
environmental risk from a site is determined or suspected, and a rapid
response is necessary to mitigate the problem.

• The IRM path without an LFI - used when existing data are sufficient to
formulate a conceptual model and perform a QRA. If a determination is made
that an IRM is justified, the process will proceed to select an IRM remedy. If
necessary, a focused FS will be conducted to select a remedy.
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• The LFI path - used to identify and gather the minimum additional data needed

to formulate a conceptual model and perform a QRA. This information is then

used to aid in decisions regarding performing ERA or IRM.

Althouett interim actions (ERA ar,d-I.°.M) may be usedto mitiFate specitic

contamination problems, the process of final remedy selection must be completed for the

operable uait and 100 .°,re..° National Priority List CERCLA site to reach closure. The

information obtained from the LFI and interim actions may be sufficient to perform the

lsaselirte-riskassessment, and to select the remedy for the operable unit. If the data are not

sufficient, additional investigations and studies will be performed to the extent necessary to

support the operable unit remedy selection. These investigations would be performed within

the framework and process defined for RI/FS programs.

1.2.2 Application of the Hanford Past-Practice Strategy to the 100-FR-1 Operable Unit

Implementation of-the HPPS to the 100-FR-1 Op^rab,e Unit 6.g^^ ..w,;•k ^-^ ^ ^ ^ ^
development of the RCRA Remedial Investigation/Feasibility Study Work Plan for the

100-FR-1 Operable Unit (DOE-RL 1992a). Following agreement on the past-practice
strategy, the three parties rescoped the initial 100 Area work plans with a bias toward interim

remedial action (Ecology et ai 1991). The collective-knowledge and judgmertYof the three
parties and the information contained in the existing work plans were used to identify the
highest-priority waste sites in the 100-FR-1 Operable Unit and the paths to be followed to
isnpiement-the iIPPS.- The decisions-made-duringjoint meetings-among the thtte-pa:uies are

documented by meeting minutes that are part of the administrative record.

-The highest priority waste sites in the 100-FR-I operable unit are identified in
Table 1-1. Limited field investigations were proposed for the following high-priority sites:

• 116-F-I trench
• 116-F-2 trench
. iI A_T7_1 , r ^o ti;, o ti
- i iv-' - 1 oN^ag^, vaouu^,n^.n

• 116-F-4 crib
• 116-F-6 liquid waste disposal trench
• 116-F-9 trench
• 108-F french drain
• I16-F-14 retention basins.

_ Infortxtation Uvaine j from a nalogous sites was also used to make recommendations on
the continued IRM candidacy of high-priority waste facilities in the 100-FR-1 Operable Unit,
where applicable. The knowledge gained from the characterization/remediation of other
100 Areas analogous facilities will be applied toward the remediation of these high-priority

sites in the 100-FR-1 Operable Unit. At these sites, further characterization will be

performed concurrently with remediation, using the observational approach.
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1.3 HISTORICAL DATA

An integral part of the RCRA facility investigation/corrective measures study process

for the 100-FR-1 Operable Unit has been the acquisition, evaluation, and utilization of

records pertaining to the construction, operation and decontamination/ decommissioning of

the reactor and related 100 F facilities. This information is categorized as "historical

information," and includes operations records and reports, engineering drawings,

photographs, interviews with former or retired operations personnel, and data from sampling

and analysis of facilities and the local environment.

A primary reference for radiological characterization of the 100-FR-1 Operable Unit

sources is a study of the 100 Areas performed during 1975/1976 by Dorian and Richards

(1978). In the 100-FR-1 Operable Unit, Dorian and Richards (1978) collected samples from
the retention basins, liquid waste disposal trenches, outfall structures, and the miscellaneous

trenches, cribs, and french drains located near the F Reactor. The samples were analyzed
for radionuclides. Inventories of radionuclides for the facilities and sites were calculated.

Results from Dorian and Richards (1978) were a major resource used in the development of

the 100-FR-1 conceptual model and LFI needs. It should be noted, however, that only
concentrations and inventories of selected radionuclides were reported in the study. In
particular, nickel-63, which is generally present at activities on the same order of magnitude

as cobalt-60, was not routinely reported for many sample locations and daughter product
radionuclides of strontium-90 and cesium-137, which have approximately the same activities

as the parent nuclides, were not included in summaries of total activity (DOE-RL 1992a).
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Figure 1-1 High-Priority Sites and Low-Priority Facility Locations
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Figure 1-2 100-FR-1 Operable Unit
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Figure 1-3 Hanford Past-Practice Strategy Decision Flow Chart
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Figure 1-4 Map of 100 F Area Showing Source and Groundwater Operable Units
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Tabie 1=1 100--FIt=1 f3perabie-U-nit 3rligh=P-riority Sites and-Eow=Friority
Facilities

High-Priority Sites Low-Priority Sites

116-F-1 Trench 116-F-7 French Drain

116-F-2 Trench 1607-F Septic tanks and Drain Fields `

11̂ -116_F-3 storage-Basin Trensh -+--- 132-F-I Chronic Feeding Barn

116-F-4 Crio " 132-F-3 Gas recirculation Facility
demolition Site '

116-F-5 Crib
132-F-S Filter Facility Demolition Site +

116-F-6 Liquid Waste Disposal Trench

116-F-8 Outfall Structure +

116 F ^ Tre^ch '

116-F-10 French Drain

116-F-11 French Drain

116-F-12 French Drain

116-F-13 French Drain

--11&F-3-4-Reterition Basiris

108-F French Drain '

Process/Discharge Pipelines

rrrr_inn_F_i c.,;ii.,.. ..,., . . „Y... - I

132-F-6 Waste Water Pumping Station

PNL Outfall Structure

.-...----.- ---..^`. m.Addtt.Gnal $amp11Rg-c3nduCted as -part -E)t -a hmited-iield tg attvJI

+= Additional data from an-analogous?acility (DOE-RL 1992a)

PNL = Pacific Northwest Laboratory
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2.0 INVESTIGATIVE APPROACH

The-LFI-activities tor-the-sites-;denttfted in the 100-FR-1 Operable Unit Work Plan
(DOE-RL 1992a) consisted of intrusive investigations, review of analogous site information,

evaiuatron of hista..ca1 data, and completion of a QRA. Through this process, investigations
of all of the high-priority sites identified in the 100-FR-1 Operable Unit Work Plan

(DOE-RL 1992a) and one low-priority facility were completed.

--- The work-plan-divio`es the-site characterization activities into 13 tasks (including this
LFI report) most with several subtasks. Table 2-1 lists these tasks and subtasks, which were
accomplished_as-partQf the LFI, and the chapters in-the L.FI where the activities are
discussed. Additional reports that were generated as a result of the activity are also
referenced.

The LFI activities as well as the aggregate area investigations are discussed in greater
detail in the following sections. Results of 100-FR-1 Operable Unit field investigation
activities are discussed in Chapter 3 of this report.

2.1 100-FR-1 LFI SAMPLING AND FIELD ACTIVITIES

Field activities used to evaluate contamination at the high-priority sites identified in
`o „'^ FR_1-DpAr,blA Uhit wark Plan (DOE RL i9012a); ineluded eab:e taa} delling of
boreholes; backhoe excavations of test pits; field screening for evidence of volatile organics,
chromium, and radionuclides; sampling for physical properties and analytical constituents;
and borehole geophysical logging. The description of work (Ayres 1993a) provided direction
for these field activities.

Ittvestigative methods were used which allowed appropriate sample extraction. After
the desired samples were taken. they were shipped offsite for laboratory analysis using
Contract Laboratory Program (CLP) and other standard analytical procedures. Analytical
methods, a-nalyticalparameters,detection-!i-mits,-and-prericinn and accuracy requirements are......
listed in Table QAPjP-1 of the Quality Assurance Project Plan in the 100-FR-1 Operable
Unit Work Plan (DOE-RL 1992a). The analytical results were returned for validation and
evaluation.

Nonintrusive investigations of high-priority sites relied on historical data from past
sampling and analysis (Dorian and Richards 1978), and process knowledge. Ground

t^ .--netrating ,radar su oevs were performed P
_.rior to ^nvestig-a^i-^ns to locate subsurface

obstrt:ctiorts that might affect borehole drilling or test pit excavation. Based upon survey
results, drill sites with the least likelihood of encountering identified obstructions were
recommended. A surface radiological survey was performed at the 116-F-14 retention
basins-as part-of routine work--to downprade sites'rom a s.,rface .,,,^,^^^^^^.,,̂u„^^ution area. In
addition, a surface-area walkover-of the i00-t'R-i Operable Unit was done. The
investigative approach taken at each high- and low-priority site is summarized-in lable 2-2.
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Analogous data from intrusive LFI in the 100-BC-1, 100-DR-I and 100-HR-1

Operable Units were applied to the LFI evaluation of several sites in the 100-FR-I Operable

Unit. Each of the reactors and their support facilities in the 100 B/C, 100 H, and 100 D/DR

are similar in construction and use. Analogous data were utilized if no LFI data or historical

data were available. An analogous site is a site associated with one of the other 100 Area
reactors which has a similar process history, waste stream, and expected suite of
contaminants to a site in the 100-FR-1 Operable Unit. An analogous site does not

necessarily have the same geology or contaminant concentrations. Table 2-3 presents

100 Area analogous sites.

2.1.1 Vadose Zone Borehole Drilling and Test Pit Excavation

^ix boreholes-were-drilied at the 100-FR-I Operable Unit to determine the nature and
vertical extent of contamination associated with the following high-priority waste sites:

• 116-F-1 lewis canal
• 116-F-2 basin overflow trench
• 116-F-6 liquid waste disposal trench
• 116-F-9 Pacific Northwest Laboratory (PNL) animal waste leach trench
• 116-F-14 retention basin
• 116-F-4 pluto crib.

The location of the boreholes within each facility was chosen to represent the "worst
case" contamination, such as near locations of effluent inflow to the facility, or near the
center of the facility if the discharge point could not be determined (See Figure 2-1 for
sampling locations). These boreholes were advanced using cable-tool drilling methods and
were sampled with split-spoon samplers. The depth of each borehole was based on expected
waste'depth and modified in the field based upon field screening results for radionuclides,
and volatile organic compounds (VOC) (DOE-RL 1992a). Field screening for hexavalent
chromium was performed on the last sample interval of each borehole. The hexavalent
chromium field screening is for general information only and was not used for any decision
making process for this report. Maximum drilling and sampling depth was 1.5 m(5 ft)
below the water table (Ayres 1993a). Boreholes were abandoned after all sampling and
geophysical logging were completed in accordance with Environmental Investigation
Instruction (EII) 6.7 (WHC 1988).

Five test pits were excavated (as part of Task 5) at waste sites in the operable unit:

• High-Priority Sites:
- 116-F-I lewis canal (2 test pits) to depths of 5.5 and 6.0 m(18 and 20 ft)

- 116-F-3 fuel storage basin trench to a depth of 5.2 m(17 ft)
- 116-F-9 PNL animal waste leach trench to a depth of 5.8 m(19 ft).

• Low-Priority Site:
- 132-F-I chronic feeding barn to a depth of 1.8 m(6 ft).

^^
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A backhoe was used to extract the soil material from the test pits and to remove fill

material that overlies the sites. The samples from the test pits were collected directly from

_-thebackhoe-hucketusirtg-hand tools and standard soil sampling techniques per EII 5.2,
Appendix I, (WHC 1988). The procedure was to remove a bucket of soil from the desired

sampling interval and bring it to the side of the test pit for sampling. Samples were collected
from soil in the middle of the bucket, away from the bucket sides. Excavated soil was

screened#or radionuclides;-VOi: atrd-chromium.- The chromium screening was not

performed at each test pit.

=n proprsse;#=borehr;le (DOE=RL-.992a) was to be drilled at the 108-F french drain.
To be more cost effective a grab sample was taken in place of the borehole at this french
drain. An auger was used to obtain two soil samples. The first soil sample was collected

from 1 ft to 1.5 ft and the second was taken at 3.5 ft.

2.1.2 Field Screening

All inateriai excavated from borehoies and test pits was field screened for evidence of

VOC and radionuclides. The screening was done to assist in the selection of sample
intervals and borehole total depths. The volatile organics were screened using an organic
vapor monitor (OVM), that was used, maintained, and calibrated consistent with EII 3.2,
Health and Safety Monitoring Instruments, and EII 3.4, Field Screening (WHC 1988).
Radionuclides were screened by the field geologist, and all sample screening data were
recorded on the borehole logs per EII 9.1, Geologic Logging (WHC 1988).

An action level was set for sampling radionuclides at twice the local background
level. The sampling action level for VOC was set at 5 ppm above background. The
background levels were determined prior to initiating drilling or excavation at a chosen
background site located outside of the operable unit. This information was recorded in the
field log book (or geologic log for boreholes).

Hexavalent chromium screening was performed on soil samples from the final sample
-interval-i!sing2porzablehexavalent chrornium test kit.-The detection limit-forthechrnmium
test kits was 10 ppm. The chromium screening was done for informational purposes only
and was not used in any decision making processes in this report; therefore, an action level
was not set.

2.1.3 Geophysical Logging

All boreholes were logged using a spectral gamma ray radiation logging system in
accordance with Ell 11. f(W

51-
U 1988). The objective of the borehole surveys was to

identify the oresence and type of man-made amma ray emitting radionuclides and the
relative activity levels. No geophysical logging was performed in the test pits.
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2.1.4 Sampling

Four types of samples were collected (as part of Task 5) during borehole and test pit
excavation: geologic samples (borehole), physical properties samples (borehole), analytical

samples (borehole and test pit), and archive samples (borehole). Geologic samples were
taken at approximately 5 ft intervals and at major stratigraphic changes to aid in preparation
of borehole logs. All of the sampling intervals were logged in feet and are likewise
presented in this report ( 1 ft=0.3048 m).

Four samples for physical properties analyses were collected from the borehole at the
116-FR-14 retention basin. The physical properties samples were taken at 5 ft intervals.
The p,nmary objective for sample collection was to represent the principal soil types.

Analytical samples were collected from the boreholes and test pits in accordance with
EII 5.2, Soil and Sediment Sampling (WHC 1988). One sample was collected from the
surface soil at each borehole and test pit location prior to drilling or excavation. The
remaining analytical samples were collected based on the following criteria:

• If drill cuttings or exposed material in the backhoe were greater than or equal
to the action level for radionuclides (2X background) or VOC (5 ppm greater
than background), an analytical sample was collected at that point and
sampling continued at 5-ft intervals until two consecutive samples had
radionuclides or VOC field screening results less than the screening criteria.

• If drill cuttings or exposed material in the backhoe were less than the
established action level for radionuclides and VOC, the material from the test
pit or borehole continued to be screened. An analytical sample was collected
at the maximum expected waste depth and sampling continued at 5 ft intervals
until two consecutive samples passed the screening criteria.

2.2 AGGREGATE AREA INVESTIGATIONS

The 100 Area aggregate studies and Hanford Site studies provide integrated analyses
---- -- of selected issues on a larger scale than the operable unit. The 100-FR-3 Groundwater

Operable Unit Work Plan (DOE-RL 1992b) addresses activities common to the 100 Area
such as a river impact study, shoreline studies, ecological studies, and cultural resource
studies. These studies provide data to be used in the LFI and in the selection of final
remedies.

2.2.1 100 Area Topography

The 100 Area operable units are topographically and environmentally similar. Each is
situated along the Columbia River bank, with the reactor located on a high gravel terrace left
by the recession of glacial floodwaters at the end of the Pleistocene. Shoreline areas grade
from steep banks with-narrowcobbie beaches to broad, stepped, well-defined floodplain
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terraces with gently sloping beaches. The floodplain terraces consist of sand deposited

during the Holocene and occur on at least two levels, one dating to the early or middle
Holocene and another representing the later Holocene. Inland areas are broad flats broken

only by stabilized dunes. The area from west of the 100 N Area to the western edge of the

100 D Area differs from this general pattern. Information on the geology specific to the

F Area can be found in Geology of 100-FR-3 Operable Unit Hanford Site, South-Central
ivasnington (Raidl 1993).

2.2.2 Ecological Investigation

Ecological surveys of the 100 F Reactor area were completed as described in
Appendix D-2, Ecological Investigations, of the 100-FR-3 Operable Unit Work Plan
(DOE-RL 1992b).

Ecological surveys and sampling, related to CERCLA activities, have been conducted
in the 100 Areas and in and along the Columbia River adjacent to the 100 Areas. The field
investigations concentrated on bird surveys, mammal and insect surveys, vegetation surveys,
attd-sampling-of otkier-varsou$ biota for-radionuchdes and-;norgantc-waste const-ituents:- °iota
and_soil samples were collected fromspeciesand_media with either a past history of
documented contaminant uptake or an important position in the food web. Sampling included

reed canary grass, tree leaves, asparagus, soil -excavated from mammal burrows, ant mounds,

raptor pellets, and coyote scat. These samples were analyzed for target analyte list (TAL)

analytes and seiected radionuclides. The results ofthese sample analyses have been compiled

and a.Te,-pyrGsentPd_in t andP,°.n. Pi al, 11993)-. Oth.P,r-SatRpl!Ilb-reSults-geIIf;ratawl by Sttpluitjp

surveillance and facility monitoring programs that can be used in the evaluation of ecological

contamination are presented in Weiss and Mitchell (1992).

_- Except_f9rzinc in-asparaeus, Landeen et al. (1993) did not note any probable
contamination in environmental samples collected from the 100 F Area. Samples from
asparagus collected in the 100 F Area showed zinc concentrations as high as 97 ppm
(average control sample concentration was 61.75 ppm). Concentrations of other analytes
(inorganics and radionuclides) did not differ appreciablv from collected control samples.

The area included within the former boundaries of 100 F Area is primarily dominated
by cheatgrass (Bromus tectorum) and rabbitbrush (Chrvsothamnus spp.). Sand dropseed
(Sporobolus cryptandrus) can be found along the roadways. There are also numerous,
although scattered, remnant trees, including sycamores, mulberries, junipers, elms, and
poplars.

The-shoreline adjacent to ,he 100-F Area is very steep, with a narrow fiparian zone.
Much of the shoreline consists of large cobbles and boulders. At the southern end of the
lboundaries-of-the-100 F Area the shoreline abruptly flattens into a rocky plain that eventually

-grazluates into the backwater, wetland area known as F siough. The rocky plain has
populations of lupine (lupinus spp.) and Gray's desertparsley (Lomatium grayi).
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2.2.3 Cultural Resources Review

In compliance with Section 106 of the National Historic Preservation Act, and at the

request of WHC, the Hanford Cultural Resources Laboratory conducted an archaeological

survey of the 100 Area reactor compounds on the Hanford Site. This survey was conducted
as part of a comprehensive cultural resources review of the 100 Area Operable Units in

support of CERCLA characterization activities. The work included a literature and records
review and pedestrian survey of the project area following procedures established in the
Hanford Cultural Resources Management Plan (Chatters 1989).

Archeological surveys were completed at the 100 F Reactor Area (part of task 9) as
directed in the 100-FR-3 Groundwater Operable Unit Work Plan (Appendix D-3, Cultural
Resources Investigations) (DOE-RL 1992b).

Six archaeological sites were recorded in the 100-FR-1 Operable Unit during the
cultural resource survey (Chatters et al. 1992). Two of the sites are turn-of-the-century
homesteads, three are of undetermined age, and one dates back to the Cascade Phase
(Chatters et al. 1992). Before doing work that may impact these sites cultural resource
personnel must be notified.

2.3 SAMPLE ANALYSIS

Samples collected for chemical analysis were analyzed for the suite of CERCLA
target compound list and TAL constituents, specific anions, and radionuclides. Chemical
analysis was conducted using CLP methods. Analytical methods, routine analytical detection
and quantitation limits, and precision and accuracy specified for the methods are listed in
Appendix A, 100-FR-1 Operable Unit Work Plan (DOE-RL 1992a).

Samples collected for physical properties were evaluated using American Society for
Testing and Materials (ASTM) procedures, except bulk density. Bulk density was calculated
using a method developed by the laboratory contractor. The following parameters were
analyzed and/or calculated (includes applicable ASTM method numbers):

• bulk density
• particle size distribution (ASTM D422-63)
• moisture content (ASTM D2216)
• moisture retention (ASTM D2325-68, D3152-72)
• saturated hydraulic conductivity (ASTM D2434-68).

2.4 DATA VALIDATION

Data validation was performed by a qualified independent participant contractor.
Data validation was performed in compliance with WHC Sample Management and
Administration Manual (WHC 1990). All data packages were assessed. The chemical and
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radiological analytical data were validated, but physical properties data were not. Results of

the data validation are presented in separate reports (Ayres 1993b and 1993c).

In addition to the data validation identified above, the LFI data were evaluated for use

in the LFI and QRA. This evaluation included (1) an inventory of all samples collected

-during the LFI; (2) data compilation an da-°^rev iew , an d (3) a review of laboratory and field
(incliding rr;p and equipment) blanks. The sample inventory was conducted using multiple

information sources including project sample lists, borehole logs, sample tracking sheets, and

sample location maps.

Data compilation was done to verify that validation results were incorporated into the

analytical database and that the data qualifiers were listed. Rejected data were assigned the

`i1ii " : Data _ 'el i.ci fo r`o -̂ û^aj v^̂- quality deficiencies (e.g., technical concerns) were^Tfie_r R --1

not used, -however-data-rejected--for administrativereasons_(missitg-documeQtaiion) were

considered usable for the LFI and QRA. Data sources were Hanford Environmental

Information System, CLP analysis data disks, validated analytical reports, i.e., "Form 1"

sheets, and CLP data packages.

Laboratory and field blanks were used to evaluate each data set for common
laboratory contaminants or sources other than media contamination. This review was

conducted using the EPA's "five or ten times rule" (EPA 1988). The ten times rule applies

to common laboratory contaminants, e.g.-,-3-butanone^ acetorre;-methylene chioride, toiuene,

and common phthalate esters. Detected concentrations of common lab contaminants had to

be > 10 times their corresponding blank value to be considered valid. Detected
concentrations of other contaminants had to be >5 times their corresponding blank value to

be considered valid.

Data marked with "J" or "R" qualifiers were used for the LFI and QRA as indications

of contamination present, as were data that had no qualifiers attached. Data that were

marked with "U" or "UJ" qualifiers were not used because these qualifiers indicate no

contamination is prese.n,t above specitied value. Data that were marked with "B" qualifiers

were evaluated using the EPA five and ten times rule to assess if they were usabie.

2.5 HANFORD SITE BACKGROUND

Results of the characterization of the natural chemical composition of Hanford Site
soils is presented in Hanford Site Background: Part 1, Soil Background for Nonradioactive

Areaiytes (DOE-RL 1993a). The characterization included an analysis of physical properties
and factors that might affect the natural soil chemical composition, as determined by
regulatory protocols. Hanford Site soils have not been characterized to establish the natural
concentrations of the following types of constituents: VOC, semi-volatile organic
compounds. pesticides and polychlorinated biphenyl (PCB), and radionuclides. Because
sitewide background levels for organic and radionuclide constituents have not been
established, all detected concentrations of these constituents were considered as contaminants
of potential concern (COPC).

_-,
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Table 2-4 presents the 95 percentile of the lognormal distribution and the lognormal
distribtttiorr 95 /%-uppeP trireshvld iin'iits {UTL) -for inorganic analytes of Hanford Site soils
(DOE-RL 1993a). Limited field investigation analytical data for inorganic constituents are
considered COPC if they exceed the 95% UTL values.
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Figure 2-1 Limited Field Investigation Intrusive Sampling Locations
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Table 2-1 100-FR-1 Operable Unit Characterization Activities ( Page 1 of 2)

Task Title Where Addressed

1 Project Management Accomplished throughout prqject.

2 Source Investigation See subtasks below.

2a Source Data Compilation and Background information is incorporated into the work plan,
Review QRA, and LFI reports as appropriate (for historical information

see Deford 1993).

2b Surveying Coordinates and locations of sampling sites are documented in
the LFI report (Chapter 2 and 3) (see Ayres 1993a for sampling
locations).

2c Field Activities Field activity results are in the LFI report. Ground Penetrating
Radar surveys were completed as part of the LFI (Bergstrom
1993a, Berestrom 1993b, Berestrom 1993c, Bergstrom 1993d,

Bergstrom 1993e, and Mitchell 1993).

Analytical results and data validation are documented in data
2d Source Sample Laboratory validation reports referenced in Chapter 2 of LFI report (Ayres

Analysis and Data Validation 1993b and Ayres 1993c).

Source Data Evaluation The data were evaluated for use in the QRA and also evaluated
2e in the LFI report.

3----- Tseologic Investigation --- -- Coordinated through the 100-FR-3 Operable Unit tasks (Raidl
1993).

4 _---- --CurfaceWater-attdSe,dtme.n.ts-_ - Not-apphcaktle:o-1-oO-Fp-1.
Investigation

5 Vadose Zone Investigation See subtasks below.

5a Data Compilation See subtask 2a.

5b Borehole Soil Sampling and Results of the borehole investigations are presented in the LFI
Logging report (Chapter 3). Borehole logs are displayed in the figures in

the LFI report (Chapter 3) (for validated data reference Ayres
1993b).

5c Test Pit Sampling Results of test pit investigations are presented in the LFI report
(Chapter 3) (for validated data see Ayres 1993b and 1993c).

The analysis and validation are documented in the data validation
sd Soil Sample Analysis reports referenced in LFI report (Chapter 2) (see Ayres 1993b

and Ayres 1993c).

The results in the eeuphysical logging are reported in the LFI
5e Geophysical Logeing report (Chapter 3 and Appendix B).

The data were evaluated for use in the QRA and also evaluated
5f Data Evaluation in the LFI report.

'T- la
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Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 2 of 2)

Task Title Where Addressed

6 Groundwater Investigation Performed as part of the 100-FR-3 Operable Unit activities
(reference 100-FR-3 Operable Unit Work Plan [DOE-RL
1992b]).

Z-- -- --Adr--Investigation Routine health and safety monitoring was performed during the
field activities.

g Eealogieal Ir,vestigation- --- ---- - - A discussion of the ecological investigation is included in the LFI
^ --seport (Chapter 2) (for specific details on ecologic activities see
Landeen et al. 1993)

9 Other Task See subtask below.

9a ---- --Cultural-Resource -A discussion of the-cultur3l-rP.sourLe-snvesttgatton ts-utcluded-in
- Investigafion the-LFI seport (Chapter 2) Chatters 1992 for specific cultural

resource investigations).

10 Data Evaluation Evaluation and interpretation of the data is accomplished is the
QRA and LFI reports. The evaluation of the data for other
purposes such as large scale remediation, FS activities, and
treatability testing is ongoing.

11 Risk Assessment The data generated during the LFI were used is the QRA.

I la Human Health Evaluation The QRA and summarized in the LFI report ( Chapter 4).

: .b Ecological Evaluation The QRA and summarized in the LFI report ( Chapter 4).

12 Verification of ARAR ARAR are listed in the LFI report (Chapter 3).

13 1 1 FT R.•nnrt .. I. -

cnLrre• (L^Ur1-KL lyyLa)

FS = feasibility study
LFI = limited field investigation

QRA = qualitative risk assessment

ARAR = applicable or relevant and appropriate requirements
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Table 2-2 LFI Investigation Activities for 100-FR-1
Operable Unit High-Priority Sites ( page 1 of 3)

Site Name - Size Comments LFI
Approach

116-F-1 Lewis Canal Received liquid waste from F B, C, G, F,
914m x 12m x 3m deep Reactor and 190-F building H, T

and decontamination wastes
from 189-F Building

116-F-2 107-F Basin Overflow Received overflow from B, C, G, F,
Trench 116-F-14 retention basin and R, H
91m x 15m x 5m deep F Reactor

116-F-3 105-F Fuel Storage Basin Received cooling water T, C, F, H,
Trench effluent and sludge from the F R
30m x 3m to 6m x 2.4m Reactor storage basin
deep

116-F-4 105-F Pluto Crib Received cooling water from Tr, C, B, F,
process tubes containing G, R, H
ruptured fuel elements

116-F-5 Ball Washer Crib Received waste from N, H
91m x 30m x 3m deep decontamination of irradiated

boron-steel balls

116-F-6 1608-F Liquid Waste Received diverted cooling B, C, G, F,
Disposal Trench water effluent during reactor R, H

maintenance outages

116-F-8 1904 Outfall Structure Received cooling water from N, H
8m x 4m retention basin

116-F=9 PNL Animal Waste Leach Contaminated wash/waste B, C, G, F,
Trench water from animal pens, R, T, H
(two trenches connected containing strontium-90 and
together) - long trench plutonium-239
122m x 5m x 3m deep
short section - 30m x 5m x
3m deep

2T-2a
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Table 2-2 LFI Investigation Activities for 100-FR-1

Operable Unit High-Priority Sites (page 2 of 3)

Site Name - Size Comments LFI
Approach

-11-6-F-1II 105-F Dummy Received spent nitric acid and N,H
Decontamination French rinse water from the
Drain decontamination of fuel -

element spacers at F Reactor

116-F-11 105-F Cushion Corridor Received cushion corridor N, H
French Drain decontamination waste
lm x lm deep

116-F-12 148-F French Drain Received overflow, priming N, H
2m x im deep water, etc. fro,. 148-F pump

house

--116-F-13 1705-F Experimental------ Received conling water N, H
Garden French Drain effluent used in botany
im x im deep experiments

116-F-14 107-F Retention Basin Received cooling water B, C, P, G,
137m x 70m x 7m deep effluent from F Reactor and F, H, S, R

reactor building drains

108-F French Drain - Received condensate from Gr, H, C
hoods inside the 108-F
biology laboratory

Process/Discharge Transferred process and N, H
Pipelines reactor discharge effluents

UN-100-F-1 ( spill) Main sewage line from 141-C N, H
to 141-M became plugged and

u------ ------ - L -- ,plead cv_ta_ir^atian an the
ground

i32-F=6 i608-F Waste 'Water Pumped miscellaneous N, H
pumi.ino cration effluent from F Reactor drain
ilm x lOm systems to the 116-F-14 II

retention basin
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Table 2-2 LFI Investigation Activities for 100-FR-1
Operable Unit High-Priority Sites (page 3 of 3)

Site Name - Size Comments LFI
Approach

PNL Outfall Structure Used as an outfall for N, H
contaminated wash water for
animal pens

B = Vadose zone borehole - drilling, geologic logging, and sampling
C = Chemical and radionuclide analysis
P = Physical properties analysis of samples
G = Borehole spectral gamma ray geophysical log
F- = F:eld-screen4ng-€or-rad-loact:vkty, volatlle organto-compouns}s; and hexavaient

chromium
R = Ground penetrating radar to position boreholes and test pits
T = Test pits
Gr = Grab sample
N = No intrusive investigation
H = Hictnrical da ta rrviPwPri

Tr = Treatability test

S = Surface contamination survey
PNL = Pacific Northwest Laboratory
LFI = limited field investigation
Source: (DOE-RL 1992a1
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Table 2-3 100 Area Analogous Sites

Waste Site Description 100-8/C 100-D/Dr 100-H Area 100-F Area
Area Site Area Site Site Site

Process Effluent Disposal Trench 116-8-1 116-DR-1 116-H-1 116-F-2
116-C-1 116-DR-2

Fuel Storage Basin Trench 116-B-2 116-0-1a None 116-F-3
116-D-1 b

Dumrny Decontamination French Drain 116-8-4 None 116-H-3 116-F-10

Process Effluent Retention Basin 116-8-11 116-0-7 116-H-7 116-F-14

1i6-C-5 1i6-DR-9

Reactor Confinement Seal Pit Drainage 116-B-12 116-0-9 116-H-9 None
Crib

Process Effluent Outfall Structure 116-8-7 116-D-5 116-H-5 116-F-6
132-8-6 116-DR-5
132-C-2

Process Effluent Pipelines Process Process Process Process
Effluent Effluent Effluent Effluent
Pipelines Pipelines Pipelines Pipelines

Effluent Pumping Station None 132-D-3 132-H-3 132-F^'i

Exhaust Air Filter Building 132-B-4 117-D 132-H-2 None

Pluto Crib 116-8-3 116-D-2a 116-H-4 116-F-4
116-C-2a

Gas Recirculation Building 132-8-5 115-D None 132-F-6

Cushion Corridor French Drain None 116-D-6 None 116-F-11

source: adapted from (DOE-RL 1992a)
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Table 2-4 Summary Statistics and Upper Threshold Limits

for Inorganic Analytes

Analyte 95% Distribution' (mg/kg) 95% UTL°(mg/Icg)

Aluminum 13,800 15,600

Antimony NR' 15.7

Arsenic 7.59 8.92

Barium 153 171

BerylGum 1.62 1.77

Cadmium NR 0.66'
Calcium 20,410 23,920

Chromium 23.4 279

Cobalt 17.9 19.6

Copper 253 28.2

Iron 36,000 39,160

Lead 1246 14.75

Magnesium 7,970 8,760
Manganese 562 612
Mercury 0.614 115

Nickel 22.4 253
Potassium 2,660 3,120

Selenium NR 5'
Silver 1.4 2.7

Sodium 963 1,290

Thallium NR 3.7
Vanadium 982 111
Mnc 733 79
Molybdenum NR 1.4•

Titanium 3,020 3,570

Zirconium 473 573
Lithium 35 37.1
Ammonia 153 28.2

Alltalinity 13,400 23,300
Silicon 108 192

Fluoride 6.4 12
Chloride 303 763
Nitrite NR 21'
Nitrate 96.4 199

Ortho-phosphate 3.7 16
Sulfate 580 1,320

Souree: DDE-Rl. 1993a

NR= Not Reported

95th percentile of the data for a lognormal distribution

° 95% confidence limit of the 95th percentile of the data distribution
Limit of detection
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3.0 INVESTIGATION RESULTS AND CONCLUSIONS

This chapter presents results and conclusions from the investigations of the
high-priority sites, and at one low-priority site in the 100-FR-1 Operable Unit. Sections 3.1

..t^.lrollg}t 38-'^Sldr&aS_tl7e_$3g}1t ^Zig^t-^lorit?Y'31i^ic ciuWi'vefCiuaZtivltiej occurred.------._.-----._.
Sections 3.9 through 3.18 address the nonintrusive investigations that occurred at the
remaining high-priority sites. Section 3.19 presents results of sampling at the 132-F-i
iQw-priQtity-faci ity.---Section 3.20-presents-a-summary-of-potential-ARAR for the 100-FR-i
Operable Unit.

The following types_4f data are presented in discussions of the investigated sites:
-- -

• Site location, size, characteristics, history, and expected contaminants.

• geologic data obtained during the investigation.

• Analysis of results from offsite laboratory analyses of soils samples for VOC,
semi-volatile organic compounds, metals, pesticides, PCB, radionuclides, and
on-site laboratory analyses of physical properties. Data validation qualifier
codes associated with specific analyses are included in tables at the end of
Chapter 3 and in the analytical data appendices.

• Field screening data collected using hand-held instruments during sampling.
Field screening was intended to assist in selection of sample intervals and to
determine the_depth-at-which-dr.lling-and-sanrpling-was-stopped.--Fieid
screening data are qualitative; the identification of specific constituents and
their concentrations are provided by the analytical results from the offsite
laboutories.

• BOrehole SneCtial vamma vPnnhvSi ..ro.. l lC^•^ii^^ rcSilltS.I __ o_ .... b.,.,^...^ . bb 5

• Results of the comparison of data collected during the 1992 LFI and data from
previous "historical" investigations at the site.

• Data applicable to the 100-FR-1 LFI that were obtained from the vadose zone
during the LFI of the I00-FR-3 Groundwater Operable Unit.

• Concentrations of chromium and strontium-90 in groundwater from monitoring
wells downgradient and upgradient of the high-priority sites are reviewed to
assess the potential-impacton groundwater-in the uppermost uncon.ned
aquifer. Chromium and strontium-90 were dominant risk-drivers for the
100-FR-3 groundwater as analyzed in the 100-FR-3 QRA and LFI (DOE-RL
1994b).

3-1
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3.1 116-F-1 LEWIS CANAL

The 116-F-1 (lewis canal) is an inactive liquid waste site that operated from 1953 to
1965. The canal is an unlined surface drainage feature measuring approximately 914 m
(3000 ft) long and 12 m (40 ft) wide, with an average depth of 3 m (10 ft). The headwall is
located 229 m (750 ft) northeast of the reactor building where the canal flows to the west but
immediately bends northward and terminates at the Columbia River. The southern third
(upstream) of the 116-F-1 trench is marked by permanent concrete monuments and
"Underground Radioactive Material" warning signs. This portion of the trench has been
fully backfilled and is covered with large cobbles. It continues to be treated with herbicides

- --
and no vegetation grows on its surface. Its headwall has also been buried and no portion of
it is visible. The northern (downstream) two-thirds has no monuments or warning signs
place.

Two 1.2 m (4 ft) deep feeder ditches drained into the canal. The southern (upstream)
feeder ditch provided drainage for the 183-F filter plant and the northern (downstream)
feeder ditch provided drainage for the 182-F reservoir and pump house. The southern
(upstream) feeder ditch has been backfilled and is covered with grass and no monuments or
warning signs mark this ditch. The ditch was fed by a 1.2 m (48 in.), extra-strong,
reinforced concrete pipe before decommissioning, and it is unclear if this pipe remains in
place (Deford 1993). The northern (downstream) feeder ditch has not been backfilled. It
has a concrete headwall that is protected by a double-railed wooden fence in poor repair.
The opening in-thehea.dwzl reveals-al.2m (4$ in.)-reinforced concrete pipe running from
the direction of the 182-F building. The headwall area is filled with tumbleweeds. No
monuments or warning signs mark this ditch.

An estimated 100,000,000 1 of waste entered 116-F-I from 105-F, 182-F, 189-F, and
190-F buildings. In addition to radionuclide contamination, 116-F-1 also received
approximately 100 kg (220 lbs) of sodium dichromate and an estimated 10,000 kg
(22,0001bs) of-sulfami_. acid (DOE-RL 19O,2a)

Figure 3-1 shows the locations of borehole 116-F-IA, and testpits 116-F-1B and
116-F-IC that were investigated during this LFI.

3.1.1 Geology

This site is characterized by fill material to a depth of approximately 8 ft his. The 0
to 4 ft bls interval is composed of gravelly sand (approximately 80% sand). The soils from
4 to 22 ft bls (total depth of borehole 116-F-1A) are composed of sandy gravel (Figure 3-4).

3.1.2 116-F-1A Borehole Soil Samples

The 116-F-1A vadose zone borehole was drilled to a total depth of 6.1 m (22 ft) bls.
Four soil samples were collected for chemical and radionuclide analysis; B080N1 (0-2 ft bls),

3-2
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B080N2 (9.5-11 ft bis), B080N3 (14.5-16.2 ft bls), and B080N4 (18 to 20 ft bls).
Ftgure 3-6 is a summa.; diagram of the 116-F-1A borehole.

3.1.2.1 Chemical Analysis. Volatile organic compounds acetone, methylene chloride, and
toluenewere detected in 116-F-IA. Toluene was detected in all four soil samples. The
maximum detection was in sample B080N4 (36 µg/kg) and was the only VOC that was
detected above the contract required quantitation limit (CRQL) 10 µg/kg. The volatile
organic analytical results are presented in Table 3-1.

Semi-volatile organic compounds bis-(2-ethylhexyl)phthalate and di-n-butylphthalate
---- - were detected in sample B080N1 at 360 and 120 ug/kg respectively. Di-n-butylphthalate was

also detected in samples B080N2 and B080N3 at 130 and 150 µg/kg, respectively. Sample
B080N4 was not analyzed because of a broken sample container. The detected semivolatile
organic analytical results are presented in Table 3-1.

No pesticides or PCB compounds were detected in samples B080NI, B080N2, or
B080N3. No analytical results were obtained from sample B080N4 due to a broken
container.

- -- - - - - - - - - Tlte concent_rations of-arsenic -(44 -ng/kg)-and--lead(20? mg/kg) in sample B080N1
ex;^:^` t? e;<anio a` Site 'oackground 93 io uii: values of 8:92 mgikg and 14.75 mgikg. No
other inorganics were detected above the Hanford Site background 95% UTL. The detected
inorganic analytical results are presented in Table 3-1.

3.1.2.2 Radionuclide Analysis. Table 3-1 presents a summary of the detected
radionuclides. Gross alpha was detected at 5.5 pCi/g in sample B080N1, gross alpha was
not detected below this interval. Gross beta levels were from 13 pCi/g to 21 pCi/g. The
maximum detected radionuclide was carbon-14 at 220 pCi/g in sample B080N2. The only
other radionuclide detected above 1 pCi/g was potassium-40, with a maximum of 12 pCi/g in

-`..`.-.utsuNtsample tt .

3.1.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM photoionization detector (PID). Ambient VOC background at the start of drilling
was 0.6 ppm. No VOC were detected during the investigation of this site.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm, and gross gamma action level was 3,600 cpm. The maximum observed gross
gamma level was 2,500 cpm in the 2 ft to 4 ft bls interval which is within the fill material.
Background levels were not exceeded in the interval from 4 ft to 22 ft bls (total depth of
borehole).

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 22 ft bls. No chromium was detected.

3.1.2.4 Geophysical Borehole Logging. Borehole 116-F-lA was logged from 0 ft to
16.5 ft bls; 5.5 ft less than total depth. The man-made radionuclides detected were:
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cobalt-60, cesium-137, europium-152, europium-154. The man-made radionuclides all

peaked in activity between 1 ft and 6.5 ft b1s. The maximum levels detected for all the
man-made radionuclides were found at the 3.5 ft his interval. Cesium-137 was detected from
1 ft to 5.5 ft his, with a maximum calculated activity of 4 pCi/g. Cobalt-60 was detected
from 1 ft to 5 ft bls, with a maximum calculated activity of 4 pCi/g. Europium-152 was
detected from 1 ft to 5.5 ft b1s, with a maximum calculated activity of 20 pCi/g.
Europium-154 was detected from 1 ft to 6.5 ft his, with a maximum calculated activity of
3 pCi/g.

3.1.3 116-F-1B Test Pit Soil Samples

The total depth of the 116-F-1B test pit was 17 ft b1s. Soil sample numbers and
depths were: B08G65 at 1 ft, 1308G66 at 5 ft, B08G67 at 10 ft, and B08G68 at 15 ft b1s.
Figure 3-7 is a summary diagram of the 116-F-1B test pit. '

3.1.3.1 Chemical Analysis. Volatile organic compounds detected above the CRQL
(10 µg/kg) were acetone and toluene. The maximum concentration of toluene was in sample
B08G65 (42 µg/kg). The maximum detected concentration of acetone was in sample B08G68
(13 µg/kg). Table 3-2 presents a summary of the detected VOC in the 116-F-1B test pit.

No semi-volatile organic compounds were detected above the CRQL of 330 µg/kg.
Table 3-2 presents a summary of the semi-volatiles that were detected.

No pesticides or PCB were detected.

No inorganic constituents or metals were detected in concentrations above the
Hanford Site background 95% UTL.

3.1.3.2 Radionuclide Analysis. The following radionuclides were detected: potassium-40,
cesium-137, radium-226, thorium-228, and thorium-232, uranium-233/234, uranium-238.
Gross alpha ranged from 7 pCi/g in sample B08G68 to 12 pCi/g in sample B08665. Gross
beta readings were constant at 16 pCi/g with the exception of sample B08G65 (14 pCi/g).
The maximum radionuclide concentration was 14 pCi/g of potassium-40 in sample B08G65
and in B08G67. All other radionuclide detections were < 1 pCi/g. Table 3-2 provides a
summary of the radionuclide detections.

3.1.3.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PiD. No VOC were detected during the investigation of test pit 116-F-1B.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. No radiation was detected above background during the
investigation of the 116-F-1B test pit.

The hexavalent chromium field test was not performed on the last sample due to
sluffing of the walls of the test pit.
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3.1_4 116-F-IC Tect Pit Soil Samnles

The total depth of the 116-F-1C test pit was 20 ft bls. Nine soil samples, four of
which were quality control (QC) samples, were collected and submitted for chemical and
radiological analysis. The sampling intervals were: 1 ft, 5 ft, 10 ft, 15 ft and 20 ft bls.
Figure 3-8 is a summary diagram of the 116-F-IC test pit.

3.1.4.1 Chemical Analysis. Volatile organic compounds that were detected above the
CRQL were: acetone (15 µg/kg), methylene chloride (12 µg/kg), and toluene (57 µg/kg),

all of which were detected in the 1 ft interval. Methylene chloride was only detected in the
split sample. Concentrations for acetone and toluene are questionable due to the presence of
contamination in the field blank sample. Table 3-3 presents the detections of volatile
organics in the 116-F-1C test pit.

Bis(2-ethylhexyl)phthalate was detected at 470 µg/kg in the surface (split) sample, no
other detections were above the CRQL in the 1 ft interval or in the 116-F-iC test pit.

----- ------ 'iabi@ .^3-.^`i preSc°cr^."^ a st;mMa y of the Mili-volatiie detections.

No pesticides or PCB were detected.

Zinc ( 142 mg/kg) in the surface sample was the only inorganic above the Hanford
Site hackgr(n^nri 95%'o UTL. Table 3-3 presents a summary of the detected inorganic
compounds.

- - - --- - - - -- --3.1.4.2 -Radionuc!ide Analy^i^ The radionuclidescdetected were: potassium-40,
strontium-90, cesium-137, radium-226, thorium-228, thorium-232, uranium-233/234, and
uranium-238. Gross alpha ranged from 6.4 pCi/g in the 20 ft bls interval to 14 pCi/g in the
surface sample. Gross beta ranged from 13 pCi/g in the 10 ft interval to 35 pCi/g in the
surface sample. All radionuclides were < 1 pCi/g, with the exception of potassium-40.
Table 3-3 presents a summary of the radionuclide detected.

3.1.4.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. No VOC were detected during the investigation of test pit 116-F-1C.

^ . .
= tt3ae3'raty-wasmo ttv ett ^'u'tng dniiifig rstrg a Ludlum i4C , o^.b̂

^I
u.e scmtrllatron

detector with a gross gamma probe. No radiation was detected above background levels
during the investigation of the 116-F-1 C test pit.

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 20 ft b1s. No chromium was detected above the detection limit (10 ppm).

.2i. i..Ci ^u^TuTiaij

Volatile organic compounds detected during the LFI of the lewis trench were:
acetone, methylene chloride, and toluene. The VOC detections are most likely attributable to
sampling media or laboratory contamination. Toluene was detected in borehole 116-F-1A
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and test pits 116-F-1B and 116-F-1C, the highest concentration of toluene was 57 µg/kg in
the 1 ft interval of the 116-F-1C test pit. Acetone was detected slightly above the CRQL in
both test pits with a maximum detection of 15 pg/kg in the 1 ft interval of test pit 116-F-IC.
Methylene chloride was detected above the CRQL only in 116-F-1C at 12 µg/kg. All
maximum VOC were detected in the 1 ft interval sample of test pit 116-F-1C. No historical
records indicate that acetone, methylene chloride, or toluene were disposed of in the
100-FR-1 Operable Unit.

Bis(2-ethylhexyl)phthalate was the only semi-volatile organic compound detected
above the CRQL (330 µg/kg) with a maximum of 470 µg/kg in the 1 ft interval split sample,
values for the 1 ft interval sample and the duplicate sample have values less than the CRQL.
(Table 3-3). The uses of phthalates include solvent, plasticizer, plastics, and insecticides.
Bis(2-ethylhexyl)phthalate was also used as a vacuum pump oil (Sax and Lewis 1987). No
pesticides or PCB were detected.

Inorganic constituents detected above the Hanford Site background 95% UTL were:
arsenic, lead, and zinc. Arsenic and lead were only detected in the 116-F-1A borehole in the
0 ft to 2 ft bls sample at 44 mg/kg and 207 mg/kg respectively. Zinc was detected at
142 mg/kg in the 116-F-IC test pit surface sample. No inorganic constituents were detected
at levels above the Hanford Site background 95% UTL below 2 ft bls. Historical sampling
data for organic, inorganic, and nonradionuclide constituents are not available for
comparison.

Radionuclides detected during the lewis canal LFI were: carbon-14, potassium-40,
strontium-90, cesium-137, europium-152, radium-226, thorium-228, thorium-232,
uranium-233/234, uranium-238, and plutonium-239/240. The maximum gross alpha reading
was found in the 116-F-IC test pit surface sample at 14 pCi/g. The maximum gross beta
result was found in the 116-F-1C test pit surface sample at 35 pCi/g. Samples in borehole
116-F-1A showed consistent elevated values of carbon-14 with a maximum of 220 pCi/g.
Potassium-40 was detected at elevated consistent values with a maximum of 14 pCi/g found
in several samples. Both carbon-14 and potassium-40 are naturally occurring radioisotopes.
No other radionuclides were detected in excess of 1 pCi/g. Field screening detected
radionuclide contamination in the 2 ft to 4 ft bls interval of the 116-F-IA borehole,
background levels were not exceeded in the 4 ft to 22 ft interval or in either 116-F-lB or
116-F-1C test pit. Radionuclide detections in laboratory samples verses no detections above
background in field screening are likely attributed to differences in their detection limits.
Geophysical borehole logging of the 116-F-1A borehole showed maximum levels of man-
made radionuclides at the 3.5 ft bls interval.

Dorian and Richards (1978) investigation of the lewis trench consisted of 14 soil
borings. The maximum sample depth investigated was 15 ft bls. Radionuclides detected
were tritium, cobalt-60, strontium-90, cesium-134, cesium-137, europium-152,
europium-154, europium-155, and plutonium-239/240. The maximum levels of radionuclide
contamination were found in soil boring "G" at a depth of 3 ft bls. The analytical results
and soil boring locations are presented in Appendix A.

No analogous sites were investigated by LFI for comparison.
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3.1.6 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90

in -100=FR=3-groundwater from-December-1992-through July 1993 sampling rounds
(DOE-RL 1994b). Monitoring well 199-F7-2 is located downgradient of the 116-F-1 site.
No monitorine well is close enough to be considered an upgradient well. The maximum
concentrations of chromium wereVdetected in July of 1993 at 19.3 µg/1. Strontium-90 was
not detected in any sampling conducted for the 100-FR-3 LFI for well 199-F7-2. Since no
upgradient values were available, the impact on groundwater from the 116-F-1 site could not
be determined.

--- - -^ - -- - - - 3.f IlV•l-f^. LAJ1^T
V
1r^u

LV
11^ TR1U'd*\^.11

The 116-F-2 basin overflow trench is an inactive liquid waste site that operated from
1950 until 1965,- The rrench measures 91 m(300 ft) long, 15 m(50 ft) wide, and 4.5 m
(15 ft) deep. It received reactor cooling water from the 116-F-14 retention basin during
reactor outages due to fuel ruptures. It was also used for the disposal of decontamination
fluids generated from decommissioning of the retention basin and water from
decommissioning the F Reactor Fuel Storage Basin (DOE-RL 1992a). Contaminated cooling
water was diverted to the trench from one side of the retention basin through a 30-cm (12-in)
diameter steel pipe that connected the basin outlet with the north end of the trench.

--- FIowever, in -1954-it became ttecessary- to use both sides of the retention basin for cooling
water storage and the outlet at the north end was no longer useful for diverting contaminated
water. It appears that at that time a bypass ditch was excavated, known as the EM bypass
ditch. It extended from the 107-cm (42-in) pipe valve of the retention basin to the center of
the ii6-r-2 basin oveiow trench. The length of the EM bypass ditch, estimated from aerial
photographs, is 107 m (350 ft) (Deford 1993). It was used to direct contaminated cooling
water to the trench. This ditch is indicated on several facility drawings and can be identified
nn nnrial nhntnoranhe nf tha 100 P Aran.... ......... Y ...,..,b...r.... .,. ...., ..,., . ........

An estimated 60F,000,000 i of liquid waste entered the 116-F-2 unit. In addition to
radionuclide contamination approximately 600 kg ( 1323 lbs) of sodium dichromate were
reportedly disposed of in this trench. The 116-F-2 trench and EM bypass ditch have been
fully backfilled and appear today as a cobble covered field ( Deford 1993).

Figure 3-2 shows the location of 116-F-2 and the approximate location of the LFI
vadose zone borehole. Figure 3.9 is a summary diagram of the 116-F-2 LFI borehole data.

3.2.1 Geology

The 116-F-2 site is covered by fill material to a depth of approximately 15 ft. The
0 ft to 5 ft interval is composed of moist, sandy gravel. The lithology then changes to a
moist, gravelly sand from 5 to 7.5 ft bls. From 7.5 ft to 24 ft bls the lithology is sandy
gravel. The 24 to 35.7 ft bls (total depth of borehole 116-F-2) interval is composed of dry,
gravelly sand (approximately 80% sand).
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3.2.2 116-F-2 Borehole Soil Samples

Six samples were collected and submitted for chemical and radiological analysis from

the 116-F-2 vadose zone borehole, B080M4 (0 ft to 2 ft bls), B080M6 ( 10 ft to 12 ft bls),

B080M7 ( 14.8 ft to 16.8 ft bls), B080M8 (19.7 ft to 21.7 ft bls), B080M9 (24.5 ft to

26.5 ft bls), and B080N0 (30 ft to 32 ft bls).

3.2.2.1 Chemical Analysis. Methylene chloride and toluene were the only VOC detected in
sample B080N0, with values of 2 µg/kg and 4 µg/kg respectively, both of which were below

the CRQL of 10 µg/kg. Table 3-4 presents the VOC analytical results.

The semi-volatile organic compounds detected were benzo(b)fluoranthene (83 µg/kg),
chrysene (48 µg/kg), and di-n-butylphthalate (71 µg/kg). All semi-volatiles detected were
below the CRQL 330 µg/kg. Table 3-4 presents the semivolatile analytical results.

No pesticides or PCB were detected.

-----Csncentrations. o£inorganiccnmpnunds-that. exceeded the Hanford Site background
95% UTL were cadmium ( 1.6 mg/kg), barium ( 338 mg/kg), chromium (98.1 mg/kg), and

zinc (295 mg/kg) (Table 3-4).

3.2.2.2 Radionuclide Analysis. Table 3-4 presents a summary of the detected
radionuclides. The highest concentration of radionuclides were in the 10 ft to 12 ft bls
interval in fill material. Radionuclides that were detected above 1 pCi/g were: carbon-14,
cobalt-60, strontium-90, cesium-137, europium-152, europium-154, and plutonium-239/240.
The highest of the radionuclides detected were carbon-14 (230 pCi/g), europium-152
(550 pCi/g), and europium-154 (360 pCi/g). Gross alpha was detected at 10 and 11 pCi/g in
samples B080M8 and B080M6. Gross beta ranged between 16 and 350 pCi/g.

3.2.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. The VOC site background was determined to be 0.0 ppm, and the action
level for VOC was 5 ppm. The maximum VOC were in the 10 ft to 12 ft his interval, at
levels of 5.6 ppm and 16 ppm. No other VOC were detected above the action level.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector. The gross gamma background level for the site was 1,700 cpm, and the gross
gamma action level was 3,400 cpm. The beta-gamma activity was monitored using a
Geiger-Mueller detector with a P-11 probe. The beta-gamma site background level was
100 cpm. The maximum gross gamma concentration of 15,000 cpm was measured at
14 ft bls. Readings that were above the established action level were found from 10 ft bis to
22 ft bls. All soils screened had beta-gamma activity levels less than site background.

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 35.7 ft bls (total depth of borehole). No chromium was detected.
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3.2.2.4 Geophysical Borehole Logging. Borehole 116-F-2 was logged from 0 ft to
32 ft bis. The man-made radionuclides detected were: cobalt-60, cesium-137, europium-152,

and europium-154. Cesium-137 is present from 5 ft to 32 ft his, with a broad activity peak

from 10 ft to 20 ft his, and a maximum activity of 19 pCi/g at 14.5 ft b1s. Cobalt-60 was

detected from 5 ft to 22 ft his, with a broad activity peak from 8 ft to 18 ft bls, and a

----------- ------ -- maximum-acdvity of 6.3pCilgat 14.5 ft bls. Europiurrt-154was detected from 1.5 ft to

30 ft b1s. The maximum activity of 143 pCi/g occurred at 10.5 ft b1s. Europium-152 was
detected from 6 ft-to 20.5 ft-bls.- The-maximum activity-af 13,6 pCi/g 4ccu**P!+ at 14 ft bis.

3.2.3 Summary

--- iviethylene chioride andtoluene were detected-in sample B080N0 (30 ft to 32 ft) at
concentrations less than the CRQL. Both methylene chloride and toluene are typical
laboratory contaminants. Historical records do not indicate that methylene chloride or
toluene were disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). The maximum

organic compound detected was benzo(b)fluoranthene at 83 µg/kg in sample semi-volatile
B080M6. - No semi-volatile exceeded the CROL of 330 ug/ke. No oesticides or PCB were
rlt.....ortPri.....in camnklac tal.......rr+n frnm thP 1 1 f-F-1 hnrPhnla V v •.. ... .,..... .. ...,... ...., .... . .. .............,...- -__--__-

Inorganic constituents that exceeded the Hanford Site background 95% UTL were:
cadmium, chromium, and zinc in sample B080M6 (10 ft to 12 ft bis), and barium in sample
B080M8 (19.7 ft to 21.7 ft bls). Historical sampling data for organic, inorganic, and
nonradionucl3de constituents are not available for comparison.

Radionuclide contamination was found to exist from surface to total depth of the
116-F-2 borehole. The highest radionuclide contamination was found in sample B080M6
(10 ft to 12 ft). Field screening of radionuclides during drilling detected contamination
throughout the borehole, with a maximum gross gamma detection of 15,000 cpm at 14 ft b1s.

----Mas-made radionuclides -detected duzir.g spectral- gamma-l-ogging of the boretrtjieinciuded:
--cobait-6nv, cesiu^T^-137, europium-154, and europium-152. The maximum man-made

radionuclide concentration detected during logging was 143 pCi/g of europium-154 at
10.5 ft bis.

Dorian and Richards ( 1978) investigated four soil borings at the 116-F-2 site and four
soil borings in the EM bypass ditch in connection with the 116-F-14 retention basin

---- --- --- - investtgatton.- The htghest radtonusllda contam(natlon repor4ed was in ihe 20 ft to 25 ft
interval. The maximum radionuclide detection was europium-152 at a depth of 20 ft his.
The analytical results and soil boring locations of the Dorian and Richards sampling are
presented in Appendix A.

Four sites which are analogous to the 116-F-2 site and are located in other source
operabie-units-l-ave-been examined thus far b y •LrI : t nese are i 16-B-i , 116-DR-1 ,
116-DR-2, and 116-H-1. To assess the concept that these sites are analogous, a comparison
of radionuclide and chemical analytical results from the LFI samples was performed. Table

3-5 presents a comparison of the maximum detected constituents in the analogous facilities.
The radionuclide contaminants present in samples from the five sites are similar. Chromium
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was detected in concentrations greater than the Hanford Site 95% UTL in four of the five
sites. Chromium is not a contaminant in the 116-DR-2 site, cadmium and silver are.
Barium was only detected in the 116-F-2 site.

3.2.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). No monitoring wells are positioned close enough to 116-F-2 to accurately
assess the impact of this site on the groundwater.

3.3 116-F-3 FUEL STORAGE BASIN TRENCH

The 116-F-3 fuel storage basin trench is located approximately 38 m (125 ft) south of
the reactor building and is oriented in an east-west direction. It is 30 m (100 ft) long, 6 m
(20 ft) wide, and has a depth of 2.4 m(8 ft). It was used from 1947 to 1951. 116-F-3
received reactor effluent during fuel cladding failure. In 1951, the site also received sludge
from the F Reactor fuel storage basin (DOE-RL 1992a).

The trench has been fully backfilled and appears today as an unfenced gravel-covered
field. Concrete monuments and "Underground Radioactive Material" warning signs mark a
general zone that includes the trench area. No vent pipes or other appurtenances are visible
(Deford 1993).

An estimated 7,000,000 1 of liquid waste entered this trench (Stenner et al. 1988). In
addition to the radionuclide contamination, 4 kg of sodium dichromate were reportedly
disposed of in this unit.

Figure 3-1 shows the location of the 116-F-3 site and the approximate location of the
test pit investigated for this LFI. Figure 3-10 is a summary diagram of the 116-F-3 test pit.

3.3.1 Geology

The LFI site investigation for the 116-F-3 fuel storage basin trench consisted of one
test pit which was sampled from 0 to 17 ft bls. There is no geologic description from this
activity, but it is assumed that the lithology is composed of sands and gravels similar to those
encountered at other 100-FR-i waste sites.

3.3.2 116-F-3 Test Pit Soil Samples

The total depth of the 116-F-3 test pit was 17 ft bls. Four soil samples were
collected, B08G82 (1 ft bls), B08G83 (7 ft bls), B08G84 (12 ft bls), and B08G85 (17 ft b1s).
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3.3.2.1 Chemical Analysis. Toluene was detected in the surface sample (B08G82) at

21 µg/kg; and 4-methyl-2-pentanone in the 7 ft sampie (B08G83) at 11 µgikg. No other
VOC were detected above the CRQL (10 µg/kg). Table 3-6 presents a summary of the

detected VOC.

The semi-volatile organic compounds, fluoranthene and pyrene were both detected at
440 µg/kg in the surface sample (B08G82). No other semi-volatile organic compounds were
detected above the CRQL (330 µg/kg). Table 3-6 presents a summary of the detected
semi-volatiles.

Toxaphene was detected in sample B08G83 (190 µg/kg) above the CRQL

- - --- --- -- - ^i-7(!"re •v/ti^)°ei• •;^roc?or-125a , also in samnle-B08t3&3 >-wasFletected-aboVe. the CItnT^ sample
at--190 µg/kg. No other pesttctdes-or-Pf`B-were_datartad in the ntha_r th_raa

samples. Table 3-6 summarizes the detected pesticides and PCB. w v V v~ w

Inorganic compounds that exceeded the Hanford Site background 95% UTL were:
barium, chromium, lead, mercury, and zinc. Barium was detected in the surface sample at
378 mg/kg, and was the maximum inorganic concentration detected. No inorganic
compounds were detected in concentrations exceeding the 95% UTL values below the 7 ft his
interval. Table 3-6 summarizes the detected inorganic constituents.

3.3.2.2 Radionuclide Analysis. Radionuclides detected in the 116-F-3 were: potassium-40,
cobalt-60, cesium-137, europium-152, europium-154, radium-226, thorium-228,
:_
tniortttmL3Z,. dran2tSm iojiE.,̂ 4 - , in, eY3:n.,m̂ um- 7̂a^l' ; iu r• kn 1.um-7"'x nil^rnnmm..7iQ/7dfl , a..r•_ ^s::, r- .., ...... _.,,._..,d
americium-241. The maximum radionuclide concentration was 190 pCi/g of europium-152
in sample B08G83 (7 ft b1s). The maximum gross alpha was 7.9 pCi/g in sample B08G84.
The maximum gross beta detected was in sample B08G83 (71 pCi/g). Table 3-6 summarizes
the detected radionuclides in the 116-F-3 test pit.

3.3.2.3 Field Screening. No VOC were detected above the action level (5 ppm) during the
--- - I 1%\-N-4 IPCI mf 1TVPCf1

b
Q9uT,lNl..v. a ..ru.Y....v uav...

Field screening of radioactivity was performed by the well site geologist using a
Ludlum 14C portable scintillation detector. The site gross gamma background was 75 cpm.
Readings exceeding site background occurred from 7 ft to 12 ft bls with the maximum
reading at 7 ft bls (1500 cpm).

The well site geologist also performed field screening for hexavalent chromium from
the 17 ft bls soils. No hexavalent chromium was detected above 10 ppm detection limit.

3.3.3 Summary

Sampling of the 116-F-3 test pit did not show significant amounts of volatile organic
contamination._Tolueneand 4 methvl-2-pentanone were the only volatiles that were detected
above the CRQL. Although toluene and 4 methyl-2-pentanone are probably attributed to
sampling media or laboratory contamination, the analyses were not flagged with a "B"
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qualifier to indicate laboratory blank contamination. Historical records do not indicate that
toluene was disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). No volatiles were
detected during continuous field screening of the test pit. The semi-volatile organic
compounds fluoranthene and pyrene were detected in the 0 ft to 1 ft sample. The source of
these contaminants in the 100-FR-1 Operable Unit are unknown. No other semi-volatiles
were detected in excess of the CRQL. Pesticide and PCB contamination consisted of
toxaphene and aroclor-1254, both were detected in sample B08083 (7 ft bis). No inorganic
contamination was detected below the 7 ft interval. Inorganic COPC are barium, chromium,
lead, mercury and zinc. Historical data are limited to radionuclide analyses only, therefore,
a comparison of organic, inorganic and nonradionuclide constituents was not possible.

Dorian and Richards (1978) radiological sampling data from the 116-F-3 site consisted
of two soil samples from 18 ft and 20 ft. All radionuclides detected measured < 1 pCi/g,
and the highest detection during field screening ( using a P-i l probe) was 30 cpm at 20 ft.
Limited field investigation analyses indicated maximum radiological contamination in sample
B08G83 (7 ft b1s), with europium-152 being the highest detected value at 190 pCi/g. Field
screening for radionuclides also showed the highest detections in the 7 ft interval, with
readings exceeding background levels from 7 ft to 12 ft bls. Analytical results and soil
boring locations are presented in Appendix A.

T'ltrev-siteg which are anaiogous-to-the-1-16-F-3sife and are iocated in other source
operable units have been examined thus far by LFI. These are 116-B-2, 116-D-1a, and
116-D-lb. To assess the concept that these sites are analogous, a comparison of radionuclide
and chemical analytical results from the LFI samples was performed. Chromium and lead
were detected in three of the four analogous sites. Barium was only detected in the 116-F-3
samples. Little similarity exists for VOC, semi-volatiles, or pesticide/PCB contamination
between the analogous sites. Radionuclide contaminants in the analogous sites were found to
be similar to those found at 116-F-3. Table 3-7 presents a comparison of the maximum
detected constituents in the analogous facilities.

3.3.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site
116-F-3. No monitoring well is located close enough to this site to be considered an
upgradient well. In well 199-F5-47 the maximum detection of chromium was 20.7 1Ag/1 in
April of 1993. The maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/I.
In well 199-F5-4 the maximum detection of chromium was 19.7 1Ag/1 in April of 1993.
Strontium-90 was not detected in well 199-F5-4. Since no upgradient values were available,
the impact to groundwater from the I 16-F-3 site could not be determined.
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3.4 ii6-F-4 PLUTO CRIB

The 116-F-4 (pluto crib) is an inactive liquid waste site that operated from 1950 to
1952. The crib is a 3 m (10 ft) by 3 m (10 ft) by 3 m (10 ft) deep wooden vault located

36.5 m (120 ft) southwest of the 105-F Reactor. 116-F-4 received liquid waste from the

105F-Reactor during outages due to fuel ruptures. The site was excavated in 1993 after LFI
activities as a part of the 100 Area Excavation Treatability Test Plan and is no longer in -
place.

An estimated 4,000 1 of cooling water contaminated with 280 Ci of fission products

was discharged to this crib from reactor process tubes. The pluto crib also reportedly
received approximately 0.004 kg of sodium dichromate (Deford 1993).

Figure 3-1 shows the location of the 116-F-4 pluto crib and the approximate location

of the vadose zone-borehoie investigated for this i.ri. Figure 3-i i is a summary diagram of
the LFI borehole data.

3.4.1 Geology

---- ------ The I I6-F-4 site is characterized by approximately 9 ft of fill material above native
sediments. Soils include the following: sandy gravel from 0 to 9 ft bls, gravelly sand from
9 to 16 ft his, and sandy gravel from 16 to 28 ft bls (total depth of the 116-F-4 borehole).

3.4^ ii`o-F-4 Borehole Soil Samples

Six soil samples were taken and submitted for chemical and radionuclide analysis in
the 116-F-4 borehole. Samples numbers and intervals were as followsL B080P2 (0 to
2 ft bls), BO°o0P3 (5 C. to 7 ft bls), B080P4 (9.4 ft to 11.4 ft bls), B080P5 (13.4 to
:5.6 ft his), $080P9-(19 ft-to 20:8 fi bls), and B080Q3 (25 ft to 26.8 ft `vis).

3.4.2.1 Chemical Analysis. The VOC detected above the CRQL of 10 µg/kg were,
2-butanone, acetone, and toluene. Methylene chloride was detected at levels below the

--------- ---------CRQL. - Aoetone-had-a-ti"iaxitnurrr detection-of 14 µg/iig in sampie B080P2. The only
detection of 2-butanone was 22 µg/kg in sample B080P2. Toluene was detected in all of the
-saiqsples;- but was greate; than the CRQL only-im sample B080P4- (i3 µgflcg): Voiatiie
organio compound concentrations appear to be decreasingwith depth_-Becausesample
B080P3 was not analyzed, due to a broken sample container, no results exist for the 5 ft to
7 ft interval. Table 3-8 presents a summary of the VOC analytical results.

The semi-volatile organic compound bis(2-ethylhexvl)phthalate was detected at
800 µg/kg. No other semi-volatile compounds were detected above the CRQL of 330 µg/kg.
Because sample B080P3 was not analyzed, no results exist for the 5 ft to 7 ft interval.
Table 3-8 presents a summary of the semi-volatile organic compounds detected in the
116-F-4 borehole.
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No pesticides or PCB were detected in the 116-F-4 borehole.

Barium was detected at 208 mg/kg in sample B080P3. No other inorganics were
detected above the Hanford Site 95% UTL.

3.4.2.2 Radionuclide Analysis. Gross alpha detections ranged from 14 pCi/g in sample
B080P3 to 96 pCi/g in sample B080P4. Gross beta concentrations ranged from 20 pCi/g in
sample B080P2 to 4900 pCi/g in sample B080P4. The maximum concentrations were found
in sample B080P4 (9.4 ft to 11.4 ft b1s). Radionuclides detected above 1 pCi/g in the
B080P4 sample were: potassium-40 (11 pCi/g), strontium-90 (1500 pCi/g), cesium-137
(1800 pCi/g), europium-152 (16 pCi/g), plutonium-239/240 (130 pCi/g), and americium-241
(12 pCi/g). Concentrations of radionuclides decreased with depth. The only radionuclide
detected above 1 pCi/g in samples B080P9 and B080Q3 was potassium-40. Table 3-8
presents a summary of the radionuclides detected from the sampling of 116-F-4 vadose zone
borehole.

3.4.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. No VOC were detected during the investigation of borehole 116-F-4.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,500 cpm. The maximum gross gamma level detected during this investigation was
150,000 cpm at I 1 ft to 12 ft bls. Gross gamma exceeding the site background level was
found from 2 ft to 25 ft bls, which corresponds to the borehole geophysical logging results.

3.4.2.4 Geophysical Borehole Logging. The 116-F-4 borehole was logged from 0 to
24.9 ft bls. The three man-made radionuclides detected during logging were, cesium-137,
europium-152, and europium-154. Cesium-137 was detected from 0 ft to 22 ft b1s, with
maximum calculated activities of 425 pCi/g and 2,280 pCi/g at depths of 2.5 ft and
10.5 ft bls respectively. Europium-152 was detected from 2 ft to 4 ft bls, with a maximum
of 5 pCi/g at2.5ft. it wasal-s4detected frottL6ft-to 14 ft bls, with a maximum of 20 pCi/g
at 10 ft b1s. Europium-154 was detected from 9 ft to 13.5 ft bls, with a maximum of
2 pCi/g at 9.5 ft.

3.4.3 Treatability Test Excavation Overview

The 100 Area Excavation Treatability Test (DOE-RL 1994c) was conducted by
excavating the contaminated soil from the 116-F-4 pluto crib. Approximately 4500 yd' of
soil was removed during the excavation. Of this material, over 500 yd' was designated
contaminated soil. At the completion of the test the clean soil along with make-up soil was
used to refill the excavation hole, and the surface was returned to grade level.

In order to ensure that the excavation removed all contamination from the crib,
verification samples were taken from varying depths from the sides and base of the
excavation. Soil sampling was also conducted in the clean spoil piles to ensure that the soil

3-14



DOE/RL-9^i1^2'16^^hf.,^^)1'^' ^

Draft A

set aside as clean material met the applicable requirements for use as clean fill (DOE-RL

1994c).

Treatability test soil sampling indicated that the 116-F-4 pluto crib and all associated

contamination has been successfully removed to levels below current guidance. Full

analytical results are presented in the 100 Area E,xcavation Treatability Test Report (DOE-RL

1994c).

3.4.4 Summary

The i16-F-4 data used in the Qualitative Risk Assessment of the i00-FR-1 Source
Operable Unit (WHC 1993), which is summarized in Section 4 of this report, is based upon

the 116-F-4 LFI borehole data and is presented in this report for information only.

Volatile organic compounds in the 116-F-4 borehole that exceeded the CRQL of
10 µg/kg were: 2-butanone, acetone, and toluene. Although these constituents are most
likely attributable to sampling media or laboratory contamination the analyses were not
flagged with the "B" qualifier to indicate laboratory blank contamination. Historical records
do not indicate the disposal of these contaminants in the 100-FR-1 Operable Unit (DOE-RL
!992a}.-?3is(2-ethylhexyl)phthalate, in sample B080P2 (0 ft to 2 ft b1s), at 800 µg/kg, was
the only semi-volatile detected above the CRQL. Bis(2-ethylhexyl)phthalate is commonly

--'-'-- ---t1.°.i'a&a-;ztaLt4j3^-=«6u-.XT '..u.. .V T o..,:+ t9^.gr^a--''t^'1o-r^nrrlc inriir°tP ^hatlt was
- - - - _ u.^ ,^- u.-1: ^ - ^ ....... .............

disposed of in the 100-FR-1 Operable Unit. No analyses were performed for volatile organic
and semi-volatile organic compounds for sample B080P3 (5 ft to 7 ft) because that sample
was not received by the laboratory.

No pesticides or PCB were detected in the 116-F-4 borehole. The only inorganic
compound detected above the Hanford Site background 95% UTL was barium in sample
B080P3 (5 ft to 7 ft) at 208 mg/kg. No historical sampling data exists for organic,
inorganic, or nonradionuclide constituents. therefore, a comparison is not possible.

Radionuclide contamination was detected in all samples collected from the 116-F-4
boreltole.- The maximum cancentraticns were detected in sample B080P4 (9.4 ft to

- 11:4 fttisJ. Radionuclide contamination decreased with depth, only potassium-40 was

a^s/_ ";ow.;e_13,4 ft to 15.6 ft sample interval. Field screening and
borehole geophysical logs also show maximum contaminant levels in this interval. The
maximum detected field screening for gross gamma was 150,000 cpm in the i l ft to 12 ft
interval. Cesium-137 was the highest detected contaminant in sample B080P4 at
1,800 pCi/g. Cesium-137 was also the maximum detected contaminant in the spectral
gamma log (2283 pCi/g) at 10.5 ft.

Treatability test soil sampling indicated that the 116-F-4 Pluto Crib contamination has
been successfully removed to levels below current guidance (DOE-RL 1994c).
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3.4.5 Groundwater Assessment

FiQures-3-4 and 3-5 nrP^Pn^ ma^timum concentrations of chromium and strontium-90b Y.....-... maximum
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 116-F-4. No
monitoring well is located close enough to this site to be considered an upgradient well. In
well 199-F5-47 the maximum detection of chromium was 20.7 µg/1 in April of 1993. The
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/I. In well 199-F5-4
the maximum detection of chromium was 19.7 µg/I in April of 1993. Strontium-90 was not
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 116-F-4 site could not be determined.

3.5 116-F-6 LIQUID WASTE DISPOSAL TRENCH

The 116-F-6 liquid waste disposal trench is an inactive liquid waste site that operated
from 1952 to 1965. The trench is 90 m(300 ft) long, 30 m(100 ft) wide, and 3 m (10 ft)
deep and is oriented north-south approximately 55 m(180 ft) southeast of the 105-F Reactor
building. The trench received cooling water while maintenance and repairs were being
performed on the effluent system. This trench was also used during several reactor
upgrades. In 1956, effluent water overflowed, flooding an area south of the site. This area
was later released from radiological control (DOE-RL 1992a).

The trench has been backfilled with 3.0 in to 3.7 m(10 to 12 ft) of added soil, and
today appears as a large, unfenced cobble-covered field with little vegetation growing. The
site is within a large zone of permanent concrete monuments with "Underground Radioactive
Material" warning signs. No vent pipes or other accessories are evident. The waste site has
recently been extended to the east by erecting a light-weight chain fence with warning signs
due to the exceedance of allowable surface radioactivity levels. The extension is
approximately 7.6 x 122 m(25 x 400 ft) and has not been stabilized in the same manner as
the original site (Deford 1993).

116-F-6 received an estimated 100,000 1 of liquid waste. In addition to radioactive
contamination 3,000 kg of sulfamic acid were reportedly disposed into this unit.

Figure 3-1 shows the location of the 116-F-6 site and the approximate location of the
vadose zone hnrehnle. Fionre 1-12 is a summary diagram of the LFI borehole data.b...- .

3.5.1 Geology

This site is characterized by sandy gravel to 26 ft bls (total depth of borehole). The
site is reported to have been backfilled with 10 ft to 12 ft of soil (DOE-RL 1992a), however,
the well site geologist found no discernable characteristics between the fill and native soils
that indicated the contact.
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3.5.2 116-F-6 Borehole Soil Samples

Borehole 116-F-6 was drilled to a total depth of 26 ft bls. Five soil samples were

collected and submitted for chemical and radionuclide analysis. Samples collected were:

from B080L9 (0 to 2 ft bls), B080MO (6.5 to 8.5 ft b1s), B080M1 (9 ft to 11 ft bls),

B080M2 (15 ft to 17 ft bls), and B080M3 (19 ft to 21 ft bls).

3.5.2.1 Chemical Analysis. The VOC detected in borehole 116-F-6 were acetone, benzene,
methylene chloride, and toluene. The maximum detection for acetone was in sample
B080M3 ( 15 µg/kg). The maximum detection of toluene was 12 µg/kg in sample B080M1.

Acetone and toluene were the only VOC that were detected above the CRQL. Table 3-9

presents the detected VOC in 116-F-6.

The semi-volatile organic compound di-n-butylphthalate was detected at 140 µg/kg in
sample B080M1. Bis(2-ethylhexyl)phthalate was detected at 72 µg/kg in sample B080M2.
No other semi-volatile organic compounds were detected. No semi-volatile compounds were
detected above the CRQL. Table 3-9 presents a summary of the semi-volatile organic
compounds detected in the 116-F-6 borehole.

Chromium, insample B080MO (30.2 mg/kg), and zinc in sample B080MO
(106 mg/kg) were detected above the Hanford Site background 95% UTL. Table 3-9
prCJentJ Lhe dCIC(:C1VIIS lrl the LFl ol 116-F-6.

3.5.2.2 Radionuclide Analysis. Table 3-9 summarizes the radionuclide concentrations.
Gross beta ranged from 14 pCi/g in sample B080L9 to 350 pCi/g in sample B080M0. The
maximum concentrations of radionuclides occuri-ed-in sampie-B080M0. The radionuclides
that were detected above 1 pCi/g in that sample were: potassium-40, cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, and plutonium-239/240. Cesium-137 (230 pCi/g)
and europium-152 (190 pCi/g) were the largest radionuclide concentrations detected.

3.5.2.3 Field Screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-6.

Radioactivity- wasmonitored-dunng drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,690 cpm. The maximum gross gamma level detected during this investigation was 21,000
cpm at 8 ft to 9 ft-bts: Grass gamtna 3evels exceeding -site background were det^ted from
6.5 ft to 13 ft bls. No beta readings exceeded the site background of 65 cpm.

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft b1s. No chromium was detected.

3.5.2.4 Geophysical Borehole Logging. The I 16-F-6 borehole was monitored from 0 ft to
13.5 ft and from 15 ft to 23 ft bls. The maximum calculated activity for all of the man-made
radionuclides detected was found at 6.5 ft bls. The man-made radionuclides detected were,
cobalt-60, cesium-137, europium-152, and europium-154. Cesium-137 was detected from
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5 ft to 15 ft his, with a maximum calculated activity of 74 pCi/g. Cobalt-60 was detected
from 4.5 ft to 10 ft bls, with a maximum calculated activity of 18 pCi/g. Europium-152 was
detected from 4 ft to 16 ft his, with a maximum of 169 pCi/g. Europium-154 was detected
from 4.5 ft to 10 ft his, with a maximum of 20 pCi/g.

3.5.3 Summary

Acetone was detected in low concentrations in three samples in excess of the CRQL
with a maximum concentration of 15 µg/kg in the 19 ft to 21 ft sample. Toluene was also
detected in excess of the CRQL in one sample at 12 µg/kg. No historical records indicate
that acetone or toluene were disposed of in the 100-FR-1 Operable Unit. Although these
contaminants are most likely attributable to sampling media or lab contamination, the
analyses were not flagged with the "B" qualifier to indicate laboratory blank contamination.
Benzene and methylene chloride were also detected but were far below the CRQL. No
semivolatiles were detected in excess of the CRQL. No pesticides or PCB were detected.
Chromium and zinc were detected above the Hanford Site background 95% UTL at
30.2 mg/kg and 106 mg/kg respectively. Historical data for organic, inorganic, and
nonradionuclide constituents are not available for comparison.

The maximum radionuclide contamination for 116-F-6 was found in sample B080M0
(6.5 ft to 8.5 ft b1s) in what was reported to be fill material. The maximum gross beta
measurement (350 pCi/g) was detected in this interval. Cesium-137 and europium-152 were
the highest detected values in this interval at 230 pCi/g and 190 pCi/g respectively.
Geophysical logs for the 116-F-6 borehole also revealed maximum values for man-made
radionuclides at 6.5 ft, the highest of which being europium-152 at 169 pCi/g. The
geophysical logs detected radionuclides from 4 ft to 16 ft his. Field screening results showed
gross-garn-nta readings at 6 . 55 ft of 6,500 cpm increasing to 21,000 cpm at 8 ft to 9 ft bls.
Field screening showed gross gamma levels that exceeded the site background from 6.5 ft to
13 ft bls.

Dorian and Richards (1978) reports the results of soil samples collected from four
sites in the 116-F-6 trench. The maximum concentrations for the historical sampling was
found in soil boring "A" at 7.5 ft. Radionuclides detected were: tritium, uranium, cobalt-60,
strontium-90, cesium-137, europium-152, europium-154, europium-155, plutonium-238, and
plutonium-239/240. Radionuclide concentrations showed a decrease with increased depth.
Analytical results and soil boring locations are presented in Appendix A.

3.5.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from Decei ber 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F8-2 is upgradient, and monitoring well 199-F5-47 is
downgradient of site 116-F-6. Chromium values in the upgradient well were not appreciably
different from those values found in the downgradient well. The maximum strontium-90
concentration in upgradient well 199-F8-2 was 41 pCi/l, and the maximum concentration in

3-18



^^^ ^ ^^- 00"DOE/RL- '
Draft A

the downgradient well 199-F5-47 was 3.8 pCi/1. It does not appear that the 116-F-6 trench

is cu.:enLy i,:Yactir.g groundwater.

3.6 116-F-9 PNL ANIMAL WASTE LEACH TRENCH

The animal waste leach trench is located 46 m(150 ft) northeast of the 116-F-14
retention basin. The site consists of two trenches joined to form a "Y" shape. The longer
leg measures 120 m (400 ft) by 5 m(15 ft) by 3 m( 10 ft) deep and the shorter section is
30 m (100 ft) long and of similar width and depth. 116-F-9 received waste water from the
cleaning of animal pens in the EAF from 1963 to 1976 (DOE-RL 1992a).

--- The trench appears today as a cobble-covered, open field, immediately northeast of
the 107-F retention basin. The trench is unfenced and has no unique identifying markers. It
resides within a larger area identified by permanent concrete markers and the "Underground
Radioactive Material" warning signs (Deford 1993).

. The animal waste leach trench received an estimated 300,000,000 1 of liquid waste.
This unit contains radiological contamination from EAF activities (Stenner et al. 1988).

Figure 3-2 shows the location of the animal waste leach trench and the approximate
location of the vadose zone borehole at the north end of this unit.

3.6.1 Geology

116-F-9 is covered by approximately 9 ft of fill material, the 0 to 8 ft bls interval
being sandy gravel, and 8 to 9 ft bls being silty sandy gravel. The 9 to 21 ft bls interval is
sandy gravel. Soils in the 21 to 25 ft bls interval are composed of gravelly sand. Sandy
gravel--makes-up-the soil found between 25 and 26.8 ft bls ( total depth of borehole).

3.6.2 116-F-9C Borehole Soil Samples

Five soil samples were collected and submitted for chemical and radionuclide analysis
from the 116-F-9C- vadose zone borehole_ The samples were. B080N5 _(2.5 ft- to 4, 5 ft bls);
B080N6 (9 ft to 11 ft bls), B080N7 (14.5 ft to 16.5 ft bls), B080N8 (16.5 to 18.5 ft bls),
and B080P0 (23 ft to 25 ft bls). Sample B080N5 was taken from 2.5 ft to 4.5 ft bls due to
poor sample recovery in the 0 ft to 2 ft his interval. Figure 3-13 is a summary diagram of
the 116-F-9C LFI data.

3.6.2.1 Chemical Analysis. The VOC detected equal to or greater than the CRQL were:
toluene in samples B080N5 and B080N6 (10 µg/kg), acetone in samples B080N6, B080N8
and B080P0 (11, 11, and 12 µg/kg), and 2-butanone in sample BO80P0 (23 pg/kg). Table
3-10 presents a summary of the VOC detected.
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Di-n-butylphthalate was the only semi-volatile organic compound detected. The
concentration was 74 µg/kg in sample B080P0. No semi-volatile was detected above the
CRQL of 330 µg/kg.

Alpha-chler-danex,*td-gamma-chlordane-exceed .he-CRQL-i.n.--two-samples, with
maximum values of 4.7 and 4.8 µg/kg, respectively, in sample B080N6. Table 3-10 presents
a summary of the detected pesticides and PCB.

No metals or other inorganic compounds were detected in concentrations above the
Hanford Site 95% UTL at the 116-F-9C borehole.

3.6.2.2 Radionuclide Analysis. No gross alpha was detected in any of the samples
analyzed. Gross beta levels ranged from 11 pCi/g in sample B080N5 to 52 pCi/g in sample
B080N6. The radionuclides that were detected above 1 pCi/g in the 116-F-9C borehole
were: carbon-14, potassium-40, and strontium-90. Strontium-90 values ranged from
15 pCi/g to 19 pCi/g in the 9 ft to 25 ft bls interval. Carbon-14 values ranged from
120 pCi/g to 140 pCi/g in the 0 ft to 11 ft bls interval. Table 3-10 presents a summary of
the radionuclides detected at the 1 i6-1;-9C borehole.

3.6.2.3 Field screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-9C.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm. The gross gamma background was exceeded at 9 ft bls (2,000 cpm) and at
13.5 ft bls (2,100 cpm). The beta site background was 65 cpm which was exceeded from
4 ft bls to 16 ft bls. The maximum beta reading during the investigation was 100 cpm.

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft bls. No chromium was detected.

3.6.2.4 Geophysical Borehole Logging. The 116-F-9C borehole was logged from 0 ft to
24 ft bls. Trace amounts of cesium-137 were detected (0.3 pCi/g) at 17 ft bls. The
cesium-137 observed concentrations were near the limit of the system sensitivity for low
level activity at 17 ft bis. No other man-made radionuclides were observed.

3.6.3 116-F-9D Test Pit Soil Samples

Four soil samples were collected in the 116-F-9D test pit and submitted for chemical
and radionuclide analysis. The samples were B08G78 (0 ft to I ft b1s), B08G79 (9 ft to
10 ft bls), B08G80 (15 ft bls), and B08G81 (20 ft bls) total depth of test pit. Figure 3-14 is
a summary diagram of the 116-F-9D test pit.

3.6.3.1 Chemical Analysis. Volatile organic compounds that were detected in excess of the
CRQL were: 4-methyl-2-pentanone, acetone, and toluene. The maximum values for acetone
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and toluene were found in sample B08G79 at 66 µg/kg and 87 µg/kg, respectively.
4-methyl-2-pentanone was detected in sample B08G79 at 13 µg/kg. Table 3-11 presents a
summary of the detected volatile organic compounds.

Bis(2-ethylhexyi)phthalate detected in sample B08G78 (340 µg/kg) was the only
semi-volatile organic compound detected above the CRQL (330 µg/kg). Table 3-11 presents
all of the detected semi-volatiles.

The maximum detections of aipha-chlordane and gamma-chlordane were found in
SamFiE $0$fi79 at 330µg/kg and 2C0 >zgft. NO Dihei PcsticideS Or PCB were d-c'Lccted in
the 116-F-9D test pit. Table 3-11 presents a summary of the detections.

-- oPPer, silver, and--zincdetected-msample- B08G79 were- aft a ove- t e- Han ard Site
background 95%-LFl'L at vafues Of 32.5 rng/kg, 7.9 mg/kg, and 246 mg/kg, respectively. No
inorganics were detected above the 95% UTL in any of the other samples. Table 3-11
summarizes the detected inorganics.

3.6.3.2 Radionuclide Analysis. The radionuclides detected were: potassium-40, cobalt-60,
strontium-90, cesium-137, europium-152, radium-226, thorium-228, thorium-232,
uranium-233%234, uranium-238, and plutonium-239/240. The maximum gross alpha

_-atecttC^n-=w^$-,^a6=p^-'•./F1r!-$amfSlA$tyt?Cj7R,-Th°^?aytml^tit^Tf,^-'tadetPy^-tP.L^^;{!?.-c;n

sample- B08G79 at 100 pCi!g. Only potassium-40 and strontium-90 concentrations exceeded
1.1 pCi/g. The maximum strontium-90 concentration, 39 pCi/g, occurred in the 9 ft to 10 ft
interval.- The concentrations of potassium-40 ranged from 13 to 15 pCi/g (Table 3-13).

3.6.3.3 Field Screening. No VOC were detected above the action level (5 ppm) during the
116-F-9D test pit investigation. ,

Field screening of radioactivity was performed by the well site geologist. The site
gross gamma background was 75 cpm. The maximum reading for the test pit 116-F-9D was
400 cpm at the 9 ft to 10 ft bls interval. Readings exceeding site background were recorded
only at this interval.

The well site geologist also performed field screening for hexavalent chromium on
soils from 17 ft bls. Hexavalent chromium concentration was < 10 ppm.

3.6.4 Summary

Volatile organic compounds detected at or above the CRQL in 116-F-9C borehole
were: 2-butanone (23 µg/kg), acetone (12 µg/kg), and toluene (10 µg/kg). The VOC
maxim-um detected values in the 116-F-9D test pit were: acetone (66 µg/kg),
4-ethyl-2-pentanone (13 µg/kg), and toluene (87 µg/kg). Field screening for VOC did not

-- ------- ---- - detect artyvalues greater than the action level--(5-ppm}.- Bis(2-eth ^^P- ^^^^^^alate was the^.....,.^.^^,.....
only semi-volatile organic compound detected above the CRQL (330 µg/kg) in the 116-F-9D
test pit at 340 µg/kg. No semi-volatiles were detected above the CRQL in the 116-F-9C
borehole.
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-- - Alpha-chlordane and gamma-chlordane were detected in both 116-F-9C and
116-F-9D. The maximum values for these two constituents were found in the 116-F-9D test
pit. No other pesticide or PCB was detected.

Copper, silver, and zinc were all detected above the Hanford Site background 95%
UTL in the 116-F-9D test pit. All of the inorganic contamination was detected in the 9 ft to
10 ft bls sample. Historical data for organic, inorganic, and nonradionuclide constituents are
not available for comparison.

The maximum radionuclide contamination for both the borehole and test pit
investigated for the LFI occurred in the 9 ft to 10 ft bls interval. Potassium-40 and
strontium-90 were detected in all of the samples and were the only radionuclides detected
above 1 pCi/g with the exception of carbon-14 in 116-F-9C. Geophysical borehole logging
of 116-F-9C showed only trace amounts of cesium-137 at 17 ft bls. Field screening at both
sites investigated showed maximum readings in the 9 ft to 13.§ ft bls interval.

Dorian and Richards ( 1978) provides no soil sample information on this waste site
because it was still in use in 1976. Six samples were taken to a maximum depth of 30 ft bls
in August 1979 and are reported in a memo from V.R. Richards to J.J. Dorian dated
August 10, 1981 (Deford 1993). The historical data shows the maximum contamination at
22.5 ft bls. The radionuclides detected at this depth were: cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, europium-155, and plutonium-239/240. The
highest radionuclide detected was strontium-90 at 22.5 ft bls. No contamination was detected
above 15 - ft bls: £or•.tamination generally decreased with depth. A complete reporting of
this data and soil boring locations are presented in Appendix A.

3.6.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site I 16-F-9. Monitoring well
199-F5-43A is downgradient of site 116-F-9. The maximum chromium concentration in well
199-F5-46 was 303 µg/1 in the December 1992 sample. The highest detected strontium-0
concentration in well 199-F5-46 was 13 µg/1 in April 1993. The maximum concentration of
chromium in well 199-F5-43A was detected in January of 1993 at 12.8 µg/1. The maximum
concentration of strontium-90 in well 199-F5-43A was 2.7 µg/I in both January and April of
1993. Since the values for both constituents are considerably higher in the upgradient well,
it appears that the 116-F-9 site is not currently impacting groundwater.

3.7 116-F-14 RETENTION BASIN

The 116-F-14 (107-F) retention basin is an inactive liquid waste site that served as an
integral component of the F Reactor cooling system. It is a 137 m (450 ft) by 70 m (230 ft)
by 7.3 m (24 ft) deep reinforced concrete basin that is divided lengthwise into two chambers.
The retention basin operated from 1945 to 1965, it received essentially all reactor cooling
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--- --------- --water passing fresn-the reactor ro_the-CDlumbia ltiver_ - The retention basin held water for a

brief period of time, allowing radioactive decay and thermal cooling to occur before the
water went into the Columbia River. The total volume of water has not been calculated, but
the flow rate ranged between 41,000 and 78,000 gpm (Deford 1993). Cooling water flowed

from the reactor into the south end of the basin through one of three large pipelines that

operated during different time periods. Water flowed from the north end of the basin

through a concrete pipe to the i 16-F-8 outfall structure from which it flowed into the river.

In addition, there is a narrow ditch that extends from the northeast corner of the retention

- basin eastward to the Columbia River shoreline. This ditch, identified as the basin leak ditch,
is approximately 152 m(500 ft) long. The ditch was first used when a major release, in

- *st.ay_1-955,flooded the area_arotutd the basin. The water drained to the Columbia River via
the basin leak ditch (Selby and Soldat 1958). This ditch later received effluent that
overflowed from a tttaahole located-near the-ttorth -end of the hasi.n.. An incidP^tt report....,.,....

describes therelezse of effluent tfiFOugh the manhoie, which apparently occurred on an
intermittent basis for an extended period of time before it was repaired (Heid 1956).

As early as September 1945, effluent springs began to appear along the riverbank in
association with retention basin leakage. At least 30 springs were identified along the
shoreline extending above and below the outfall structure for approximately 244 and 457 in
(800 and 1,500 ft), respectively (Healy 1945). Sampling of the water from these springs was
performed several times between October and November 1945 for thermal and gross
radiological characterization. This testing reported temperatures ranging from 14°C to 37°C
(57°F to 99°F) and concentrations of <2 x 1W to 7.3 x 10' µg/1, but it is not known what
these concentrations refer to. For comparison, effluent from the basin was also sampled
during this period, with a concentration of 0.2 µg/1 and a temperature of 38°C (100°F)
reported. The highest observed temperatures and concentrations were reported in samples
collected in the immediate vicinity of the outfall structure. An examination of the riverbank
iea-1984 fou.n.d only two remaining springs, at the river water intake and the eastern boundary
of the 100 F Area (DOE-RL 1992a).

Shoiuy afier ii^e reactor was shut down in 1965, water within the basin was pumped
to the 116-F-2 overflow trench via the EM bypass ditch, several feet of fill material was

placed over the remaining basin sludge for stabiiization, and the basin walls were spray
coated-with asphait {HOE-RL 1992a). in 1987, the retention basin and associated ancillary
piping were decommissioned. This effort resulted in the demolition of the concrete walls,
with subsequent placement of this material and approximately 460 m( 1,500 ft) of the 152-cm
(60-in) diameter effluent pipe within the basin footprint. The site was then partially
backfilled and covered with a soil cap.

Known leakage from the 116-F-14 basin appears to have occurred primarily along the
south and west sides (Dorian and Richards 1978). Estimates of leakage rates are not well
documented, but the presence of a groundwater mound beneath the basin extending as high
as 3 m(1!1 ft) ahnve the pre-existing water table elevation (Brown 1963) suggests that
significant leakage was occurring during this time.
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Figure 3-2 shows the location of the 116-F-14 retention basin and the approximate
location of the vadose zone borehole in the southern portion of the basin. Figure 3-15 is a
summary diagram of the LFI borehole data.

3.7.1 Geology

The 116-F-14 borehole is characterized by sandy gravel fill to a depth of 3 ft b1s,
with an increased silt content (10%) in the 2-.7 to 3 ft his inierval. The concrete liner was
encountered from 3 to 5 ft bls, and was reported to be poorly cemented, crumbly, and moist.
Soils.in_the5-io_23_ftbls-itttervaLconsist of sandy gravel (50% sand, 50% gravel). The 23
to 26.6 ft interval bls (total depth of borehole) is composed of gravelly sand (30% gravel,
70% sand).

3.7.2 116-F-14 Borehole Soil Samples

Six soil samples were submitted for chemical and radionuclide analysis from the
116-F-14 borehole: B080Q4 (0 ft to 2ftbis). B08005 (2,5 ft to 5 fr bls). B08006 (5 ft to
7 ft bls), B080Q7 (10.5 ft to 13 ft bis), B080Q8 (16.6 ft to 18.6 ft b1s), B080Q9 (23 ft to
24.5 ft b1s). Four soil samples were collected for physical properties analysis: B08734
(13 ft to 15.5 ft bls), B08735 (16.6 ft to 18.6 ft b1s), B08736 (20.3 ft to 22.9 ft b1s), and
B08737 (23 ft to 24.5 ft bls).

--- -- ---------- 3>7.2.1Chemical- Analysis. V-olatile organic-compour.ds detected above the CRQL were,
acetone and toluene. Acetone had a maximum detection of 46 µg/kg in sample B080Q8.
Toluene had a maximum detection of 82 µg/kg in sample B080Q5, and was detected in all
samples. Table 3-12 presents a summary of the detected VOC.

The COnCenira{tOnS of d:ethy',phthalate at ,6()0 µgikg in sai ple B^ve0Q9 and
di-n-utylphthalate at 340 µg/kg in sample B080Q4 were the only semi-volatiles that were
detected above the CRQL (330). Table 3-12 summarizes the detected semi-volatile organic
analysis.

No pesticides or PCB were detected.

The inorganic compounds that were detected above the Hanford Site 95% UTL were:
cadmium, copper, chromium, and zinc. Cadmium, copper, and zinc concentrations in
sample B080Q6 were 1.5, 29.3, 87.4 mg/kg respectively. Chromium was detected in
samples B080Q6, B080Q7, B080Q8, and B080Q9, with a maximum concentration of
124 mg/kg in sample B080Q6. Sample B080Q6 had the largest concentrations of inorganic
contaminants. Table 3-12 presents a summary of the detected inorganic compounds.

3.7.2.2 Radionuclide Analysis. Gross alpha was detected only in sample B080Q5 at
14 pCi/g. Gross beta was detected in all six soil samples with a maximum concentration of
440 pCi/g in sample 13080Q5. With the exception of uranium, the maximum concentrations
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occur in the concrete liner 2.5 ft to 5 ft interval (B080Q5). Table 3-14 presents a summary

of the radionuclides detected in the 116-F-14 borehole.

3.7.2.3 Field Screening. Field screening of VOC performed by the well site geologist
yielded no readings of greater than the action level (5 ppm).

Field screening of radioactivity was performed by the well site geologist. Site
background for gross gamma was 2,800 cpm. The highest detected levels were in the 2.5 ft
to 5 ft bls interval with a maximum reading of 25,000 cpm. The beta background of
400 cpm was exceeded in the 2.5 ft to 5 ft bls interval at 500 to 600 cpm.

Hexavalent chromium field screening was performed by the well site geologist on
soils from 26.6 ft interval. No chromium was detected.

3.7.2.4 Geophysical Borehole Logging. The 116-F-14 borehole was logged from 0 ft to
23 ft bls. Man-made radionuclides identified during the spectral gamma-ray survey were
cobalt-60, cesium-137, europium-152, and europium-154. Cesium-137 was detected from
4.5 to 23.5 ft b1s, with the maximum calculated activity of 5 pCi/g from 6.5 ft to 7.5 ft his.
Cobalt-60 was detected from 0.5 ft to 9.5 ft bls, with the maximum calculated activity of

-- -- -- 31-pci/g-at 4-ft bls. -Europium-152 was detected from-0.5-!'t ta-13 -ft-bls,-with the max_imllm

calculated activity of 730 pCi/g at 4 ft his. Europium-154 was detected from 0 ft to W Y
12.5 ft his, with the maximum calculated activity of 92 pCi/g at 4 ft bls.

3.7.3 Physical Properties Samples

Four samples were taken in conjunction with the 116-F-14 borehole investigation for
physical properties analysis. Split tube samples were collected from borehole 116-F-14 at
13.5 to-15.5 ft. 17:1 to 17.6 it. 20.3 tu-22:9 ftand 23.5 to 24 It bis. The first three
samples are described by the well site geologist as moist, sandy gravel. The fourth sample
was taken in sediments described as dry, gravelly sand. All four samples were collected in
the vadose zone: Due to the difficuity of collecting samples of the coarse-grained materials,
the physical properties are biased toward finer-grained soils.

3.7.3.1 Discussion of Physical Properties. Laboratory sieve analysis showed that the
sediment grain- size-in-the43.5 to 15:5- ft-bl, inte^,al consisted of 0% gravel, 83% sand, and
17% silt and clay. The soil grain size in the 17.1 to 17.6 ft bis interval consisted of 59%
gravel, 38% sand, and 3% silt and clay. The soil grain size in the 20.3 to 22.9 ft interval
his consisted of 0% gravel, 77% sand, and 23% silt and clay. In the 23.5 to 24 ft his
interval the soil grain size consisted of 51% gravel, 44.38% sand, and 4.62% silt and clay.
The specific gravity ( sG) was determined for both course and fine fraction of the samples.
The average sG for the four sample intervals was 2.73. The results for the various tests
listed below are shown in order of increasing depth.

• bulk density: 2.14 g/cc, 2.13 g/cc, 2.17 g/cc, and 2.16 g/cc

• moisture content: 2.93 %, 2.6%, 2.71 %, not analyzed
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• porosity: 25.87%, 13%, 23.41%, 28%

• hydraulic conductivity: 3.79e-02 cm/sec, 3.3e-02 cm/sec, 1.26e-03 cm/sec,
1.62e-04 cm/sec.

3.7.4 Suuunary

Volatile organic compounds that were detected above the CRQL (10 µg/kg) were
acetone and toluene. Both constituents were detected in all of the samples. The maximum
detection of toluene was 82 µg/kg in the 2.5 ft to 5 ft sample. The maximum detection of
acetone was 46 µg/kg in the 16.6 to 18.6 sample. Field screening for VOC yielded no
values greater than the 5 ppm action level. Di-n-butylphthalate and diethylphthalate were
detected above the CRQL (330 µg/kg) at 340 µg/kg (B080Q4) and 2,600 µglkg (B080Q9),
respectively. No other semi-volatiles were detected above the CRQL. The origin of the
organic compounds is unknown. There is no historical record of these constituents being
used in the reactor effluent. No pesticides or PCB were detected during the 116-F-14 LFI.

Inorganic compounds cadmium, chromium, copper, and zinc were detected above the
Hanford Site background 95% UTL. Cadmium, copper, and zinc were all detected in the
5 ft to 7 ft bls sample. Chromium contamination was detected from 10.5 ft to 24.5 ft bls,
with the maximum detection in the 10.5 ft to 13 ft bls sample.

Radionuclides detected above 1 pCi/g in the 116-F-14 borehole include: carbon-14,
cobait-60, strontiurn70, cesium=i37, europium=152, europium-i54, europium-155,
plutonium-239/240, and americium-241. With the exception of uranium, the maximum
concentrations occur in the concrete liner in sample B080Q5 (2.5 ft to 5 ft bls). The
radionuclides with the highest detections were europium-152 (940 pCi/g) and europium-154
(130 pCi/g). The only gross alpha value was in the 2.5 ft to 5 ft bls sample at 14 pCi/g.
The maximum gross beta concentration was in the 2.5 ft to 5 ft bls sample at 440 pCi/g.
Radionuclide values decreased with depth.

Dorian and Richards (1978) sampled thirty-two sample holes in and around the
116-F-14 retention basin. Sludge within the retention basin contained the highest
radionuclide concentrations, but only accounted for about 50% of the total radionuclide
inventory, because of relatively large volumes of contaminated soil beneath and around the
basin. Three sample holes drilled through the retention basin indicate that the majority of
contamination under the basin is confined to within 5 ft of the basin floor. Radionuclides
detected in samples taken inside the retention basin were: tritium, uranium, cobalt-60,
nickel-63, strontium-90, cesium-134, cesium-137, europium-152, europium-154,
europium-155, plutonium-239/240, and americium-241. The Dorian and Richards (1978)
radionuclide concentrations were typically higher than those found in the LFI. Radionuclide
concentrations of selected samples from test holes drilled at the retention basin, and of
samples taken of soil fill and sludge at the backhoe sampling locations are presented in
Appendix A.
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Four sites, analogous to the 116-F-14 site and located in other source operable units

have been examined thus far by LFI. These are 116-C-5, 116-D-7, 116-DR-9, and 116-H-7.

To assess the concept that these sites are analogous, a comparison of radionuclide and
chemical analytical results from the LFI samples was performed. Chromium was detected in

--dli ofthe artaiogous-sites. £admium and copper were only deteeted in one other analogous
----- - ------ -- ' ^Mi lan rf^y•«,._ ..̂ v.1". ld be fGUild for VOC, 3@lili• °6,Cu1° ti1.. 5,_ and no y..^.^ TAO'1M^AC........^ ^^ pr---- - s i te. - Little -$auaa-- - ...8

were detected with the exception of aroclor-1260 at site 116-DR-9. Radionuclides detected

n=the a;ta+ftoussitexams?mila_r-tothove: t:hP 116-F-14. -Table 3--13-presents-a cotrtpat:sott-
vff the maximum detected const:tuents In the ^^^1^^cus f ^;l;r;o^

..n, au ag ..........w.

3.7.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-14. Monitoring well
199-F5_3 is downgradient of site 116-F-14. The maximum chromium concentration in well
199-F5-46 was 303 µg/1 in the December 1992 sample. The maximum concentration of
strontium-90 was 2.7 in both January and April of 1993. The only chromium value detected
in well 199-F5-3 was 30.6 µg/1 in April of 1993. The maximum concentration of
strontium-90 was 250 pCi/1 in January 1993. Since the strontium-90 values are considerably
higher in the downgradient well, it appears that the 116-F-14 site is currently impacting

--------- broundwater.

3.8 108-F FRENCH DRAIN

:7te 108-F french-dr^in is located on the east side of the 108-F biology building.
Dates of operation for this unit are unknown. The drain is constructed of a 30 inch steel
pipe of unknown length. It is buried to a depth that places its upper surface a few inches
above grade. It has a steel lid and is gravel filled (Deford 1993). This site received
condensate from laboratory hoods inside 108-F that were possibly contaminated with
plutonium-239 and beta emitting isotopes ( Ruppert 1953).

Figure 3-1 shows the location of the 108-F french drain and associated hand sampling
In__r_atinn invectivatPd fnr this T.FT

3.8.1 Geology

Limited- field investigation activities at the 108-F french drain consisted of one hand
sampling excavation where two soil samples were taken from l to 1.5 ft and from 3.5 to
4.5 ft b1s. There is no geologic description from this LFI activity but it is assumed that the
soils are composed of sands and gravels similar to that encountered at other waste sites.

z
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3.8.2 108-F Soil Samples

Two soil samples were collected and submitted for chemical and radiological analysis
from hand sampling the 108-F french drain, the surface sample B080R4 (0 ft to 1 ft b1s), and
B080R5 (3.5 ft to 4.5 ft b1s).

3.8.2.1 Chemical Analysis. Toluene was above the CRQL (10 µg/kg) in B080R4 and
B080R5 at 86 µg/kg and 480 µg/kg. No other VOC were detected. Table 3-14 presents a
summary of the detected volatiles.

Semi-volatile compound bis(2-ethylhexyl)phthalate was detected in excess of the
CRQL in both samples at 4,100 µg/kg and 580 µg/kg. The next highest maximum value was
benzo(a)anthracene at 62 µg/kg. Table 3-14 summarizes the semi-volatiles detected.

Polychlorinated biphenyl aroclors-1254 and -1260 were detected in sample B080R5 at
240 and 150 µg/kg and in sample B080R4 at 1,600 and 720 µg/kg, respectively. The CRQL
for these constituents is 33 µg/kg. Table 3-14 presents a summary of the detected pesticides
and PCB.

Chromium, copper, lead, and zinc were all detected above the Hanford Site
background 95% UTL in both samples. The maximum detection of chromium was
164 mg/kg in sample B080R4. The maximum detected copper was in sample B080R4 at
73.8 mg/kg. The maximum detection of lead was 129 mg/kg in sample B080R4. The
maximum detection of zinc was 79.7 mg/kg in sample B080R5. Table 3-14 presents a
summary of the detected inorganic compounds.

3.8.2.2 Radionuclide Analysis. The maximum gross alpha detected was in sample B080R4
at 250 pCi/g. Gross beta was only detected in sample B080R5 (13pCi/g). The
radionuclides detected above 1 pCi/g were: potassium-40, cesium-137, plutonium-238,
plutonium-239/240, and americium-241. The maximum radionuclides detected were
plutonium-238 (220 pCi/g) and plutonium-239/240 (34 pCi/g) in sample B080R4. The
values for plutonium-238 and plutonium-239/240 in sample B080R5 were 66 pCi/g and

_.._,- ----^;:=..^,.. _`. - , . .- ---^^ p^.rrg resp^.,t.^y. :Tau.e ^-tw summarizes the, detected radionuclide concentrations.

3.8.2.3 Field Screening. No VOC or radionuclides were detected with field instruments
during the hand sampling of the 108-F french drain.

3.8.3 Summary

Toluene and bis(2-ethylhexyl)phthalate were detected in excess of the CRQL. No
other organics were detected above the CRQL. No historical records indicate the use of
these constituents 108-F Laboratory. Polychlorinated biphenyl aroclors-1254 and -1260 were
detected in the 0 ft to 1 ft bls sample at 1,600 µg/kg and 720 µg/kg.

Inorganic compounds detected above the Hanford Site background 95% UTL were:
chromium, copper, lead, and zinc. The maximum detections of chromium, copper, and lead
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were found in the surface sample. The maximum detection of zinc was found in the 3.5 ft to
4.5 ft bls sample.

Radionuclides detected in the hand sampling of the 108-F french drain include:

potassium-40, cesium-1.37, plutonium-238, plutonium-239/240, and americium-241. The
highest gross alpha value was in the surface sample at 250 pCi/g. The highest radionuclides

deiected in the surface sample were plutonium-238 and plutonium-239/240. Gross beta was
only detected in the 3.5 ft to 4.5 ft bls sample. No historical sampling data was available for
comparison. No analogous sites were sampled.

3.8.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
-'.994b). Monitori-ng w•ell-199-FJ-4 is ttpgradient of-the 108-F french drain. Monitoring well

------ -199-FS-45-isdowngradient of the 108-F french drain. The maximum chromium
concentration in well 199-F5-4 was 21.1 µg/l in the December 1992 sample. Strontium-90
was noe-detected in well 199=F3=4. The-maximum chromium value detected in well
199-F5-45 was 7 µg/1 in March of 1993. The maximum concentration of strontium-90 was
1.6 pCi/1 in March 1993. The slight increase in strontium-90 from the upgradient well to the
downgradient well could possibly indicate that the 108-F french drain is impacting
groundwater, but further investigation would be in order to accurately determine this site's
impact on the groundwater.

3.9 116-F-5 BALL WASHER CRIB

The 116-F-5 Ball Washer Crib is an inactive waste site that received liquid waste
containing nitric acid derived from the decontamination of boron steel balls. Dates of
operation for this unit are unknown. The crib measures 3 m by 3 in by 3 m(10 ft by 10 ft
by 10 ft) and is located 250 ft southwest of the 105-F building. The site reportedly received
3,000 1 of liquid waste. The crib has been fully backfilled and appears today as an
unmarkedqgravel--coveIed field. It is defned by four concrete monuments with
"Underground Radioactive Contamination" warning signs (Deford 1993). Figure 3-3 shows
the location of 116-F-5.

3.9.1 Geology

The 100-FR-1 LFI did not include a field investigation of the 116-F-5 Crib. It is
assumed that the crib is underla'_n hysediments similar to that found in the 116-F-4 vadose
zone borehole.
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3.9.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-5 site,
data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
• field screening for VOC and radiological contamination
• geophysical borehole logs.

3.9.3 Summary

Dorian and Richards (1978) detected radionuclides strontium-90, cesium-137,
europium-154, and europium-155 in one sample taken at the 116-F-5 site at 10 ft bls. All
values detected in the investigation were < 1 pCi/g. The results of the analysis and soil
boring locations are presented in Appendix A. No analogous sites from other 100 Area
operable units have been investigated for comparison.

3.9.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-47 is downgradient of site 116-F-5. No monitoring well is
located close enough to this site to be considered an upgradient well. In well 199-F5-47 the
maximum detection of chromium was 20.7 µg/1 in April of 1993. The maximum level of
strontium-90 was detected in April 1993 at 3.8 pCi/1. No comparison between upgradient
values and downgradient values was possible, however, based upon vertical extent of
eontatt inatien it appears that this site I 16-F-5 is not cur.ently impacting groundwater.

3.10 116-F-S OUTFALL STRUCTURE

The 116-F-8 outfall structure and river discharge lines served to dispose of cooling
water effluent from the 116-F-14 retention basin to the Columbia River for final disposal.
The outfall structure also provided overflow capability in case the outfall lines became
plugged. The outfall structure was an open, reinforced concrete structure that directed water
through either the river discharge lines or through the spillway. The river discharge lines
consisted of two 107 cm (42 in) diameter steel pipes extending from the outfall structure
approximately 137 m(450 ft) into the river. The concrete outfall structure measured 8 in
(27 ft) by 4 m(14 ft) by 8 m(26 ft) deep, 7.5 m(26 ft) of which are below grade. The
spillway was also of concrete and was about 61 m(200 ft) by 4.5 m(15 ft) with .6 m(2 ft)
high side walls (DOE-RL 1992a).

In 1984, an inspection of this system reported that 15 to 38 m(50 to 125 ft) of both
of the discharge lines had been dislodged and carried away by river current. Efforts to locate
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these sections were unsuccessful (Beckstrom and Steffes 1986). Currently the outfall

structure appears as an earthen mound. The portion of the outfall structure that extended

above grade is demolished into the cavity and the entire structure covered with clean soil.

The upper-portion Df-thit spiliway-appearsrto have been demolished and covered with clean
soil. About 7.5 m(25 ft) of the lower portion of the spillway is intact and exposed.

No radionuclide or hazardous chemical inventory has been calculated for this waste
site. Figure 3-3 shows the location of the 116-F-8 Outfall Structure.

3.10.1 Geology

No site-specific geologic data are available for the 116-F-8 outfall structure.

3.10.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-8 outfall
structure, data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
= field z-creening for VOC and radiologicai contamination
• geophysical borehole logs.

3.10.3 Summary

= Two sites; analogortts to the i 1b=F=8 site and-lmated-in other source operable units,
have been examined thus far by LFI. These are 116-D-5 and 116-DR-5. To assess the
concept that these sites are analogous, a comparison of radionuclide and chemical analytical
results from the LFI samples was performed. No inorganic compounds were detected in
either of the analogous sites. No similarity exists for VOC, semi-volatile, or pesticide/PCB
contamination in the analogous sites. Sites 116-DR-5 and 116-D-5 detected potassium-40 at
13.5 pCi/g and 12 pCi/g respectively. Table 3-15 presents a comparison of the maximum
detected constituents in the analogous facilities.

3.10.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994h). The-?lb-F-8 o,stfall-stracture is ?ocated-adjac:nt to-the tioL;mhia River-and-there
are no downgradient wells to assess the impact to groundwater.
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3.11 116-F-10 DiJMMY DECONTAMINATION FRENCH DRAIN

The 116-F-10 dummy decontamination french drain was used from 1948 to 1965.
This unit received radioactive water rinses and spent nitric acid from the decontamination of
fuel element spacers and other reactor hardware, primarily pressure tube caps. The drain is
made of 1 m (3 ft) diameter by 3 m (10 ft) vitrified tile with 1 m (3 ft) extending above
grade. 116-F-10 is located about 61 m (100 ft) south of the 100 F Reactor Building. Today
the surface in the area of the drain is covered with cobbles and there is little vegetation
growing.

. . . .
.. T.. ...l.J:.:.... .

--------- - -------------Thl3-fifii4reielY'edan -estimated-4^ifl,fl0v i6fllCluld-wa^te5. i^^ auuui^u Lo

radionuclide contamination 116-F-10 also reportedly received 2,000 kg of sodium
dichromate, 2,000 kg of sodium oxalate, and 2,000 kg of sodium sulfamate (Deford 1993).

Figure 3-3 shows the location of 116-F-10 dummy decontamination french drain.

3.11.1 Geology

The 100-FR-1 LFI did not include a field investigation of the 116-F-10 french drain.
It is assumed that the drain is underlain by sediments similar to that found in the 116-F-6
vadose zone borehole.

3.11.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-10 site,
data are not available for the following:

• soil concentrations of organic, inorganic, and metallic constituents
• physical properties of the soils
• field screening for VOC and radiological contamination
• geophysical borehole logs.

3.11.3 Summary

Dorian and Richards (1978) investigated three soil borings where samples were taken
from 12.5 ft to 27 ft bls. The highest radionuclide concentrations were found in the 12.5 ft
interval in soil boring "B". Radionuclides detected in the 12.5 ft sample were: tritium,
cobalt-60, strontium-90, cesium-134, cesium-137, europium-152, europium-154, and
europium-155. The highest of the detected radionuclides were: tritium, cobalt-60,
europium-152, and europium-155. Appendix A presents the Dorian and Richards (1978)
analytical results and sampling locations for the 116-F-10 site.

Two sites, 116-B-4 and 116-H-3, have been identified as being analogous to the
116-F-10 site. The LFI sampling data from the 116-H-3 site showed no VOC, semi-volatile,
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pesticide/PCB, inorganic, or radionuclide contamination. The sole source of sampling data
for site 116-B-4 is from historical sampling. The estimated 1978 inventory of radionuclides

for the 116-B-4 site were 2.0 Ci, the 116-H-3 site inventory was 0.07 Ci, and site 116-F-10

had an radionuclide inventory of 0.12 Ci (Dorian and Richards 1978).

3.11.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F8-2 is upgradient of site 116-F-10. Monitoring well
199-F5-47 is downgradient of site 116-F-10. Chromium values in the upgradient well were
not anpreciably different from those values found in the downgradient well. The maximum
strontium-90 concentration in upgradient well 199-F8-2 was 41 pCi/1, and the maximum
concentration in the downgradient well 199-F5-47 was 3.8 pCi/l. It,does not appear that the
116-F-10 trench is currently impacting groundwater.

3.12 116-F-11 CUSHION CORRIDOR FRENCH DRAIN

The 116-F-11 cushion corridor french drain is an inactive liquid waste site used
between 1953 and 1965. The drain is located near the southeast comer of the 105-F reactor
building and was used to dispose of cushion corridor liquid decontamination wastes. This
unit is a tile pipe 1 m(3 ft) in diameter and a depth of 1 m(3 ft), extending about an inch or
two above grade. It has a metal lid and is protected with three yellow steel stand pipes.
There are no radioactive material warning signs or other identifying markers (Deford 1993).

This disposal unit received 200,000 I of liquid decontamination wastes from the
cushion corridor area of the reactor. No documentation could be located that characterizes
the waste transferred to the 116-F-11 drain or that estimates the radionuclide content.
Figure 3-3 shows the location of the 116-F-I 1 french drain (DOE-RL 1992a).

3.12.1 Geology

&k^'a I - Ft-'d'e:!-^t ^. .. ..------- ------ --- --: c2---^ -. .-....... :,.,..aCii3d^ a-iiEl$- ifl4'estigai .iGn of ihe ii6-r-11 french dlaln.

Itis assumed that the drain a underlain by sediments simSlar to that found in the 116-F-3
vadnse znnP hnrehnlP-- - ---------

3.12.2 LFI Data

i'secause the i00-rR-i LFI did not include a iield investigation of the 116-F-11 site,
data are not available for the following:

slJil.f`Ci2+ntrYr..^tlons-of-orbanl9y..lnfJr^Tanl('-.-andmc...Pt.llirrnnctit.v+nte^^... ..... ......^...w.,....,
• physical properties of the soils
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• field screening for VOC and radiological contamination
• geophysical borehole logs.

3.12.3 Summary

No documentation could be located that characterizes the waste transferred to the
116-F-11 drain or that estimates radionuclide content. Site 116-D-6 is an analogous site that
was investigated for the 100-DR-1 LFI. Volatile organics and semi-volatile organics were
detected at levels below the CRQL in the 116-D-6 borehole. No pesticides or PCB were
detected, and no inorganics were detected above the Hanford Site 95% UTL. Radionuclides
detected were: carbon-14, potassium-40, radium-226, thorium-228, uranium-235,
uranium-238, plutonium-239, americium-241. Potassium-40 was the only constituent
detected above 1 pCi/g. Site 116-D-6 operated for 6 years while 116-F-I1 was in operation
for 12 years so the radionuclide inventory for site 116-F-11 could potentially be greater.

3.12.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-4 is downgradient of site 116-F-I1. No monitoring well is
located close enough to this site to be considered an upgradient well. In well 199-F5-4 the
maximum detection of chromium was 21.1 µg/1 in December of 1993. No strontium-90 was
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 116-F-11 site could not be determined.

3.13 116-F-12 FRENCH DRAIN

The 116-F-12 frenchtJrainwas used from 1944 to--1964andis located about 2 in
(8 ft) east of the original site of the 148-F pump house and lift station. The drain was used
from 1944 to 1964 to receive effluent pump prime from the lift station. The drain measured
1 m (3 ft) in diameter and was placed 2 m(6 ft) deep. The construction material is

--- -- ---- -- unlemown,but pr€bably consistP of clay or concrete pipe that was typical of other drains
used in this era.

No information could be located that characterizes the waste effluent or provides
radionuclide or hazardous chemical inventories. Figure 3-3 shows the location of the
116-F-12 french drain.

3.13.1 Geology

The 100-FR-1 LFI did not include a field investigation of the 116-F-12 french drain.
It is assumed that the drain is underlain by sands and gravels similar to those found in other
waste sites.
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3.13.2 LFI Data

Because the 100-FR-1 LFl did not include a field investigation of the 116-F-12 site,

data are not available for the following:

• soil concentrations of organic, inoreanic and metallic constituents
_^...,:....i _ ,.c .^.,. ,., .:i,.

• field screening for VOC and radiological contamination

• geophysical borehole logs.

-- - 3:13.3--Sutmnar°y

No documentation could be located that characterizes the waste transferred to the

--- --- ----- ---------1-16-F-11 drainor-ihatestimates its-radinnuclide-contenL- No analogniis facilities were

sampled.

3.13.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-12. Monitoring well
199-F5-44 is downgradient of site 116-F-12. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-12 french drain is not currently impacting groundwater.

3.14 116-F-13 EXPERIMENTAL GARDEN FRENCH DRAIN

The 116-F-13 experimental garden french drain was used from 1952 to 1976 to
dispose of effluent from radio-botany experiments conducted in the 1705-F facilities. This
unit is 1 m (3 ft) in diameter and 1 m(3 ft) deep and is located in the northwest corner of
the animal research and testing area.

The drain received 10,000 1 of liquid wastes, however, no data could be located that

charaeterizes the waste effluent or provides radionuclide or hazardous chemical inventories.

Figure 3=3 sliows the location of the i i66-F-13 french drain.

3.14.1 Geology

The 100-FR-1 LFI did not include a tield investigation of the 116-F-13 french drain.
It is assumed that the drain is underlain by sands and gravels similar to that found in other
waste sites.
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3.14.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-13 site,

data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
• field screening for VOC and radiological contamination

! geophysical borehole logs.

3.14.3 Summary

No documentation could be located that characterizes the waste transferred to the
116-F-13 drain or that estimates its radionuclide content. No analogous facilities were found

to exist for the 116-F-13 experimental garden french drain.

3.14.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-13. Monitoring well
199-F5-44 is downgradient of site 116-F-13. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-13 experimental garden french drain is not currently impacting groundwater.

3.15 PROCESS/DISCHARGE PIPELINES

During the reactor operating period, three separate pipelines were used to transfer
water from the F Reactor building to the 116-F-14 retention basin. The oldest pipeline was a
107-cm (42-in) diameter concrete belowground pipe. This pipe was replaced with a 107-cm
(42-in) diameter steel pipe with aboveground and belowground sections in the early years of
operation. Deterioration and increased flow requirements resulted in the installation of a
third, 152-cm (60-in) diameter steel pipe, which also had aboveground and belowground
sections. Portions of the steel pipes have been removed and buried in the 116-F-14 retention
basin (DOE-RL 1992a).

3.15.1 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the
process/discharge pipelines, data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
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• fieid screenine for vOC and radioloRical contamination

• geophysical borehole logs.

3.15.2 Summary

Four sample borings were completed (Dorian and Richards 1978) along the

aboveground sections of the 107-cm (42-in) and 152-cm (60-in) pipes at points located

several hundred feet upstream from the retention basin inlet. No significantly elevated

concentrations of radionuclides were observed. Samples of scale inside the 107-cm (42-in)

effluent line were collected. The radionuclide concentrations in the scale were 170 pCi/g for

cobalt-60, 250 pCi/g for cesium-137, and 490 pCi/g for europium-155. Two constituents,

europium-152 and europium-154, were not reported above method detection limits.

Appendix A presentsthe43oriart-and Richards (1978) sampling results and soil boring

locations.

Analyses for inorganic, metal, and organic constituents was not performed by Dorian

and Richards (1978), but the LFI data for the 116-F-14 retention basin sludge could be

----- -- ---- --- -COI9Stdc'1'Z& anal6g©i35 tv the Siudge and SCaic fr^vti'i the pipci1ncS.

3.15.3 Groundwater Assessment

Because of the extensive nature of the process/discharge pipelines and their proximity

to other waste sites a groundwater assessment based upon the current monitoring wells is not

possible.

3.16 UN-100-F-1

The only documented unplanned release in the 100-FR-l Operable Unit occurred in
Ivlarch 1971; when the process sewer line from the 141-C hog barn became blocked and
overflowed into the surface adjacent to the building. The area of the spill is approximately
149 mZ ( 1600 ft2) and is located east of the 141-C building. This site received wash water
from the animal pens when liquids were pumped from a manhole to unblock the sewer. The
wash water contained 4.OOE-05 Ci of strontium-90 and I.06E-06 Ci of plutonium-239. About
1,600 ft2 of soil was contaminated ( Stenner et al. 1988).

The area was backfilled with clean gravel after the incident. The area appears today

__asa level,grass-coyEr€dfrelLi,__Figure 3-3 shnws the lnr_.atinn of the

3.16.1 Geology

The 100-FR-1 LFI did not include a field investigation of the UN-100-F-1 french
drain. It is assumed that the spill is underlain by sands and gravels similar to that found in
other waste sites.
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3.16.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the UN-100-F-1

site, data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
! - - ---- field-screenittg-for VOC-and radiningir-.al cnntaminatinn

• geophysical borehole logs.

3.16.3 Summary

-Doriattand-Richards ^1974 did notsample-UN-100-F-1. -Noanalogous_ facilities
exist for the UN-100-F-1 unplanned release.

3.16.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site UN-100-F-1. Monitoring well
199-F5-44 is downgradient of site UN-100-F-1. Chromium and strontium-90 concentrations
are higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
UN-100-F-1 site is not currently impacting groundwater.

3.17 132-F-6 LIFT STATION DEMOLITION SITE

The 132-F-6 lift station is located at the southeast corner of the 105-F reactor
building. It operated from 1944 until 1965 to pump waste water from several reactor
building drains and sumps into the reactor cooling water effluent line. It may have also
pumped wastes to the 116-F-6 trench.

Constituents likely to be associated with waste at this site include radionuclides
(e.g., tritium, carbon-14, cobalt-60, strontium-90, cesium-137, europium-152, and
europium-154) and decontamination chemicals (e.g., sodium fluoride, nitric acid, and oxalic
acid). The lift station was demolished in situ in 1987 and backfilled with a minimum of 5 m
(15 ft) of clean fill. Fixtures, equipment, asbestos lagging, and sludge were removed and
buried elsewhere as solid waste (Deford 1993). The site appears today as a level, gravel
covered field (Deford 1993). Figure 3-3 shows the location of 132-F-6.

3-38



DOE/RL 9^'2 ^ ^ ^ ^

Draft A

3.i7.i vevivgy

iit
^.

e t
.
0u

..
FRt

. .
i

.-..
rr did r:ota' nc.ude ^ Fz 1 d rnvcsu•' g n•^ i-ksa :'1't r c r :C. c.-.:..aur^n o.i. 3:auun. It

is assumed that the lift station demolition site is underlain by sands and gravels similar to

those found in other waste sites.

3.17.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 132-F-6 site,

data are not available for the following:

- -• SOtl conLerltratiDnS O"rganrc, tniTrgalllcalid ti5etdiiil; Constitiients

• physical properties of the soils
• field screening for VOC and radiological contamination

• geophysical borehole logs.

3.17.3 Summary

Dorian and Richards ( 1978) sampled from a single location adjacent to the lift station

prior to demoiiuon: Sampies were collected at 5 ft, 25 ft, and 30 ft b1s. The maximum

contamination was found in the 5 ft interval, with europium-152 (92 pCi/g) being the highest

value detected. A complete listing of the Dorian and Richards (1978) analytical results and

soil boring locations are presented in Appendix A. Since the historical data were collected

before 132-F-6 was demolished, they probably do not represent the present status of the site.

Data collected from the analogous site 132-D-3 showed no organic or inorganic

contaminants and the only radionuclide contamination found was radium-226 at < 1 pCi/g.

J.174 VrVU^1V^atel nJJejJment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90

in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL

1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 132-F-6. No

monitoring well is located close enough to this site to be considered_an upgradient well. In

well 199-F5-47 the maximum detection of chromium was 20.7 µg/l in April of 1993. The

maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l. In well 199-F5-4

the maximum detection of chromium was 19.7 µg11 in April of 1993. Strontium-90 was not

detected in well 199-F5-4. Since no upgradient values were available, the impact to
ornnnAwater from the 1"i2-F-6 cire could not be determined.b..............^.
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3.18 PNL OUTFALL STRUCTURE

The PNL outfall structure is located a few meters upstream of the 116-F-8 outfall

structure. It was a simple spillway and measured 30 m(100 ft) by 3 m(10 ft) wide with

concrete side walls. This outfall structure received liquid waste from the animal pens that

was contaminated with strontium-90 and smaller amounts of cesium-137 and plutonium-239.

It also likely received cooling water effluent used in the 146-F Aquatic Biology Laboratory.

Only the lower portion of the PNL outfall structure is intact and visible today. The
vertical walls of the upper section were broken down and the walls and bottom of the
spillway were covered with soil (Deford 1993).

No radionuclide or hazardous chemicalinventory was located for this site. Figure 3-3

shows the location of the PNL Outfall Structure.

3.18.1 Geology

No site specific geologic data are available for the PNL Outfall Structure.

3.18.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the PNL outfall

structure, data are not available for the following:

• soil concentrations of organic, inorganic and metallic constituents
• physical properties of the soils
• field screening for VOC and radiological contamination
• geophysical borehole logs.

3.18.3 Summary

No radionuclide or hazardous chemical inventory is available for this site, nor has any
soil sampling been accomplished in the immediate area. No analogous facilities were found

to exist for the PNL outfall structure.

3.18.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90

in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL

1994b). The PNL outfall structure is located adjacent to the Columbia River and there are

no downgradient wells to assess the impact to groundwater. The probability of impact to
groundwater posed by outfall structures was rated low in the 100-FR-1 QRA (WHC 1993).
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3.19 132-F-1 CHRONIC FEEDING BARN

The 132-F-1 chronic feeding barn served as the main housing facility for sheep and

other livestock used in dose studies. The primary radionuclides used in these studies were

strontium-90, iodine-131, cesium-137, and plutonium-239. The chronic feeding bam was

cleaned and washed down regularly, with the waste water going to the 1607-F6 sewer

system. No records of decommissioning activities were found but it is assumed that it was

demolished sometime after 1980 and buried in place.

No historical records of radionuclide or hazardous chemical inventory exist for this

facility. Figure 3-2 shows the location of the 132-F-1 chronic feeding barn.

3.19.1 Geology

Limited field investigation of the 132-F-I Chronic Feeding Barn consisted of one test

pit which was excavated to a depth of 6 ft bls. There is no geologic description from this

a^vity-but it is assuSAIed that the lithology is composed of sands and gravels that were

encountered at other waste sites.

3.19.2 132-F-1 Test Pit Soil Samples

One sample and three quality assurance samples were taken at a depth of

4 ft b1s, sample B02701, B02702 (duplicate), B02703 (split), and B02704 (silica sand-blank).

3.19.2.1 Chemical Analysis. Acetone was detected in excess of the CRQL (10 µg/kg) in
the split sample (B07203) at 54 µg/kg. . Acetone was not detected in any of the other
samples. Table 3-16 presents a summary of the volatile organics detected.

---- ------ Nosemi-volatile orga.n.ic compounds were detected above the CRQL (330 µg/kg),

withthe exception of bis(2-ethylhexy1)phthalate (380 gg/kg) in the split sample (B07203).

Table 3-16 summarizes the detected semi-volatile organic compounds.

Gamma-chlordane was detected in sample B07201 (2.5 µg/kg) and its duplicate
sample$Q7202 (4_7_ug/kg)_No-9ther nesticides or PCB were detected.

No inorganics constituents or metals were detected above the Hanford Site
background 95% UTL.

3.19.2.2 Radionuclide Analysis. Table 3-16 presents a summary of the detected
radionuclide concentration in the 132-F-1 test pit. The maximum gross alpha detection was
4.2 pCi/g in the split sample B07203. The maximum gross beta detection was 35 pCi/g also
in the split sample B07203. The maximum radionuclide detection was 13 pCi/g of
potassium-40, all other radionuclide concentrations were < I pCi/g.
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3.19.2.3 Field Screening. Volatile organic compounds were field screened using an OVM
prD. No VOC were detected during the 132-F-1 chronic feeding Barn investigation. No

radionuclides were detected during field screening above the background level of 150 cpm.

3.19.3 Summary

Ac„°wne was detected in one QC sample but in no other samples greater than the
CRQL. No semi-volatiles were detected above the CRQL. Gamma-chlordane was detected
in sample B07201 and its duplicate sample, no other pesticides or PCB were detected. Only
potassium-40 was detected in excess of 1 pCi/g, with a maximum of 13 pCi/g. No historical
sampling data or analogous site data were available for comparison.

3.19.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 132-F- 1. Monitoring well
199-F5-44 is downgradient of site 132-F-1. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
132-F-1 chronic feed barn is not currently impacting groundwater.

3.20 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 121(d) of CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986, requires that fund-financed, enforcement, and federal facility
remedial actions comply with ARAR of federal environmental laws and more stringent,
promulgated state environmental or facility siting laws.

Comprehensive Environmental Response, Compensation and Liability Act defines
applicable requirements as those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site. Relevant and
appropriate requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that, while not "applicable" to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address
problems or situations sufficiently similar to those encountered at the CERCLA site that their
use is well suited to the particular site.

In addition to ARAR, CERCLA also provides for the consideration of
to-be-considered (TBC) guidance, nonpromulgated advisories or guidance documents issued
by federal or state governments that do not have the status of potential ARAR but which may
be considered in determining necessary levels of protection of health or the environment.

3-42



DOE/RL-9ip=)l^P^,^'^'

Draft A

Applicable or relevant and appropriate requirements may be further subdivided into

the following categories:

• Chemical-specific requirements - health- or risk-based numerical values or

methodologies that, when applied to site-specific conditions, result in the

estabhshmentof nomertcat values: If a chsn-iical has more than one such

-- ----- requirement-that is-AR.AR,cemplianrr should gPnera]ly be with the most

stringent requirement.

• Location=specfic-realuirements - restrictions placed on the concentration of

hazardous substances or the conduct of activities solely because they are in

specific locations, such as wetlands or historic places.

• Action-specific requirements - technology- or activity-based requirements or

li^aita:ons or, actio„s taken with respect to hazardous wastes. These

requirements are triggered by the particular remedial activities that are selected

to accomplish a remedy.

Potential chemical- and location-specific ARAR are defined during the field

investigation portion of the CERCLA process and refined in the feasibility study and

proposed plan. Action-specific ARAR are generally defined during the phase I and II

feasibility study and refined in detailed analysis and the proposed plan. Potential ARAR and

TBC in all categories are defined in the 100 Area Feasibility Study, Phases I and 2

(DOE-RL 1992c). For purposes of this LFI, only the potential chemical- and

location-specific ARAR are discussed. Potential chemical- and location-specific ARAR are

used in the LFI report as screening criteria for the evaluation of high-priority sites as IRM

candidates. This use of ARAR is not intended to set cleanup standards for the high-priority
sites. Potential chemical- and location-specific ARAR are presented in Tables 3-17 through

3-22.

Potential chemical-specific ARAR for soils are limited to those levels for hazardous

constituents prescribed-in the 5°tate's iviodel Tozics Control Act (MTCA). Currently, MTCA

has not• deflned °^ °' for rad ionuc l i des .°-^dditional-soil limits are p resented in Subpart S of----- ------------ ---- - - h.Jca"s - - r.

RCRA for hazardous constituents and in DOE Order 5400.5 for radionuclides. These are

considered TBC for the 100 Area operable units. Potential chemical-specific ARAR for air
emissions are also identified for the 100 Area; however, these tend to also be based on

specific actions which have a tendency to increase releases to the air. Therefore, these are
more appropriately addressed in the focused feasibility study. Potential chemical-specific
ARAR are listed in Table 3-17 and 3-18; TBC are included in Table 3-19.

Potential location-specific ARAR are identified for the 100 Area because of the
pr..sence of threatened or eacnrrirc an̂ri aresources. In addition,endangered r__ archaeological_..__
potential location-specific ARAR based on possible impacts to wetlands and floodplains are
ini;ludc"d. T}3cse arc described in Tables 3-20 and 3-21: TBC are in Table 3-22.
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This discussion of potential ARAR is intended to be a refinement of ARAR presented

in the work plan. Additional evaluation of potential ARAR will be done in the FS phase.

Final ARAR will be determined in the record of decision.

3-44



DOE/RL-9i ^^L i"u ^ ' ^^ !, ^ .11

Draft A

Figure -1.I Limited Field Investigation Intrusive Sampling Locations (Reactor Vicinity)
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Figure 3-2 Limited Field Investigation Intrusive Sampling Locations

(Retention Basin Vicinity)
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Figure 3-3 Limited Field Investigation Facility Locations
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Figure 3-4 Total Chromium Concentrations in Groundwater,
Maximum 1992/93 Values From 100-FR-3 Monitoring Wells
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Fig.:re 3-5 Strontium-90 Concentrations in Groundwater,

Maximum 1992/93 Values From 100-FR-3 Monitoring Wells
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Figure 3-6 Summary Diagram of

h l D

Sampling Results for 116-F-1A Borehole
Sample Field Screening

0

10

20 -

30 -

40 _.

Waste Site

116-F-I Lewis canal (
3000 Ft x 40 Ft x 10 Ft.

Received liquid wastes
fran F Reactor and
190--F bulldinge and
tlecontaminptlon wastes
from 139-F buuding;
uccqsionally, contaminated
reactor coolantt. Ef9riuent
.ater dralned to ver
via this trench during
Bali }x outage in 1953.

1951-1960/In

2. 5

3'

5

7.5

10

15

18'

Do-ian & Richards
(1976)

G _

Eu-152. Co-160
Cs-I37,Eu-155

/240. Sr-90. H-3
u-60. Eu-'Sa
Eu-155, u

/2e0. Sr-9o, H-3
Co--60. Eu- 54
Ce-137. Eu-155, U

R-3. Eu-152
Eu-ISa, Ca-ISY
u

/240. Sr-90. H-3
Co-60. Eu-'54
Ce-131, Eu-155

-3. Oa-!J4
Eu-155. U

Ce-p]

1C -

20 -

30 -

40
LFi Data - Analytical lob results for all inorganic constituents greater than 958 upper threshold 1976 Ftadiocbem ccl Data - AII detectea rodionur;lides at the aorres c>ndincdDI eDhh intenvls are she+n.limifs and all detected organic compounds and radionuclides are shown. ,

IFleld screening alues greater than non-detect er background are recordedin this figuie.Field SSreening - Action levels for votatOC organic compounds (VOC) was 5 ppm and gross All sunnples wer , field screenedgan-imo (7) radiation was twice background. I

Suneyed elevution to top of brass disc 391.09 feet (NG00-29).
13

^

orehole Spectral/Gamma Log - Bars indiOte iOterVal of borelide whNe radionuclide was detected.

--

Geologic Log Location LFi Data 3-92I Spectral e3amma
3-93 3-93 3-93 ae' Oar0 `^cT^ ^p0il^g)

0.0'-4.0' 0.0'-2 0 '
1 800

.
Gravelly SAND /8080N1

1700

2500
15000

Oo 4.a-.0'
Sandy GRAVEL

o o'a ^ I 1800

Oa

,oo
.o'

009 9.5'-11.0
• .1 p80E10N2

o°
00

apo

00
0

0o yB080N3

Oo

00

a o 18.0'-20.0
OO /B08oN4

a
°

00
iotal Depth - 22.0 Feet

1800

1800

1500

11800

1800

1800

n00
1 700

N o t e s

I16-F-IA LFI Bore o e ata
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Sampling Results for 116-P-1B Test Pit
Sample Field Screening

Waste Site Location LFl Data 3-93 Dorian & Richards

3-93 3-93 oya^^gp
ii

n`ce'^ (1976)

116-F-t Lewis Canol 00'-1i

i )C -

i 20 -

3,-

3000 F( x 40 Ft x tO F t.
2 -

Reca.eC namd wastes

.

3'
hom F Reactor and

un

190-F 4u6eings a.
a<contomnauon aatea

5 0 I 5harn IB9-F DuJEblg, .

accaelanmlY. contamNGtea

atelier,

reactor coownt. EHluent
watCf arVeleE to IVer

..o is trarlcn aurin q
Ball 3. outaqe in 1953

t95}1960/Inoctile
10.0' I ( ( I

15.0• 1 t5•
ce.w

atd Death = 17.0 Feet

Tota Deam lg'

L^ -- L-1 -

^IS-eP Eu-132. 4-160
-j{S)-ISw, trU1. Ev-155

-uVU-2!0/]W. S-Ga, 1+-3
I IEu-+S] [e-64 O-IN
cL.-u>. m-I55. U

e!!w. Y-•ia. 8-3
2-152 ce-60. Eq-IN
L-I'St, c.-IS^a Gr-+55. ll

f5-Sa: pq Eu-i52 ''.
ICa6a. LrIN. Cle 13)
L1>s. u

I W-138/2a0. L-1MA 11-3
_jJEu-I32 Cs-60, Eir-IN

Lb-111. CI-Ul. Eu-135

rv-sa.«-y p-+3a
j^-u-:. w+a u

fr137

20 _-

3C ._- I

16F16 ^ ^ ^-

,. UvCr tt>r,-yJ-ot

Rotes i 4- ^--

LFI Data - MWVtlcal loaresults for all inagrnnlc canstltuents greater than 95% upper WeMda 1976 RaEiixEemkal Data - All aete<tea ra9anuCiMea at the oorresponump Eep/E intervals was sfto.-

limIts COC as OeteHlal aryank comCOuGas and raGlonucliaes are snowrl.

Field Streeing - Actiaa IievNf for volatie orqarlic compounES (VOC) waf: 5 ppvn are gross gamrna Fisb eareeanq wlues greater tnan non-aelect or EWCkgraunE are reCOraeE -m this Ggure.

(>) raCiatlon was twiee: Eaek9raulldNI aamoles ware rlNa sCrMlea.

r13 F,ra'l Draft A

Figure 3-7 Summary Diagram of the

116-F-1B LFI Test Pit Data
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Sampling Results for 116-
Sample

Waste Site Location LFl Data

3-93 3-930

116-F-7 Lewis Canal 0.0'-I:

3000 Ft . 40 Ft x t0 Ft.

R<ceived IiWid wastea
frcm F Repctar and .
190-F euidings ana
decontominalion wasltea 5.0'
from 169-F euilding:
«co51M011y: cantaminated

reactor coolant. Effluent
water drained to riser
via this trench durinct
Ball 3s outage in 703.

10
1953-1960/ln«tlv,e

-
__

10.0

15.0'

20 _ Total Depth = 20.0 Feet 20.0' 76

TOtul Deplh At 20.0 Feet

30 -

=-1C Test
Field Screening

3-93
1^y'c'^

Pit

Dorlan & Richards
(1976)

2.5 '
3'

5

7.5 '

10'

15'

18'

40 _

1-90. Eu-152. G-160
-134. r,a-137. Eu-I55

Pu-23?/240. Y-90. M-3
Eu-,u Ca-60. ru-154
G-t31. Eu-155, V

vu-xs9/ZW. Y-9a. N-3
m-152 cs-6a. Eu-,x
G-134, G-131. Eu-159. U

N-3. Eu-152
taa0. [u-15e. G-137
u IS3, U

f-z39nW s-90. N-3
m-152 Go-00. Eu-,5/
G-t34, C.-137. 8.-155
U

G-134
1G-1D. 6u-I56. U

Eu-152 Ce-137

0 _-_

10 -

20 -_

30 __

40 __
INotea:

ILFI Data - Malyeical Ia0 results for all inorganic constituents greater than 95% upper threstced 1976 Rodiochemical Data - All detected radionutlides at the correspcindling depth intervals are shown.

liimits and all detected organic cornpounds and radionuclides are Mown.

Field scrneni,g - Action levels (ar volatile organic compounds (VOC) was 5 ppm and gross qomma Field sveening wlues greater than non-detect or 6^ockground are re¢orded in this figure.

(y) radiation as twice background. i All samples were field sereened.

UVC/ KL-`lJ-2SL

Draft A

Figure 3-8 Summary Diagi

of the 116-F-iC LFI Test Pit
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Sampling R esults f or
Sample

Waste Site Geol ogic Log Location LFI Data
3-9 3 3-93 3-93

O _ _T O

°° O 0.0'-5.0' O.C^-2 0'116-F-2 Basin
Overllow Trench

O

°
Sandy ORAVEL

.

MB[)8OM4
U-2JJ/23a, U-21i
C-la, x-b

300 Ft x 50 Ft x'15 Ft. o o Co-6a. 4-1v
. Eu152 Ev-ISt

° p
O

Ro-226, Tb-228
TI-2J2

Reoei+ed effluent qo
overMw from th<

50'-75'116-G-4 retention basin
Gravelly SAND

C
at times of h igh a<;ti+nty
due to a fuel element °
fallure: also feCl6ved -

' '
M4e(E)6u°mYMOs

overflow from F Reectar o 7.5 -24.5 C4 Cr, 2n, a. B
fuel storogebasin c° 5andy GRAVEL u-23]/234

durin< deactivation of e°
•

U-235 lti2b
Ru-]8. Ru-2]9/I

1 O the r elMtian basin. o O 240, Nn-2q_
1950-1965/Inoctive x-9o. C-14, co-e

0.0 10 0'-12 0'
Ca-u], Ev-t52

..^t^^6 fu-154. h-192

po

oo° o-. B
a-23]/23.

o U-23e. Po-23e

° 14.8'-76.8'
1̂i 2S

oo
{8080M7

9O
tia C-I., R-40

00. Co-58. Co-60

. ^° Ce-137. Eu-152
a0 Eu-15l Eu-153

, . o. Ro-226. Tn-238

00
o.0 6a0. B

O

a ^ u-233/234

20 19.'T-21.T u-23e. vv-239/_

. /BGI80M8
2 W' 4m-141
Sr-90. a-u

° o' M-40. Co-611
0:0

I

4-I37. Eu-152

^
Eu-IN, Eu-155

O:O Ro-236, 1h-226

00
o°

24.5'-35.7 24 5-26.5'
Gravelly SAND AB080M9 u-233/234

. U-235, U-2J8
C-14, H-b
Cs-13]. Eu-152
Ro-. ID-228
th-IJ2

30 .-
' a Bi 30. 0-32.0 U-333/23e

/8(ISONO U-330.
x--b. 4-U]
Em-62. Re-226
1hr-226. Th-232

116-F-2 Bc
Field Screening

3-93

1`e`', •'tea, c^4,
o^

75 1450

75 /300
75 1350
75 1350

100 1500

50 1400

2000
5.6 3000

16.0 6000

3.6 15000
6000
2000
3000
5000
5500

6000
3000

L2
3500

1500
1800

3000
3500
4000

2000

1 800
60C1

150C1

200(2000

2300

1800
160C1
18a1

1800

2200

)rehole

Spectral Gamma Dorian & Richards

(PGi/g) (1976)
O

1 O
S -90, X-3

10Eu-15Z Co-60. Ev-15. --
4-1]], Eu-155. b

15
5-90. Eu-152. Cc-60
Eu-t5s Ce-tD, tu-155
Yu-239/2b

18 S-9o, Eu-tc2. Co-6o
Eu-ISa, 4-137
Eu-t55

52E2O 154Co-60. U, Eu 20
Ca-t}). Eu_t55,

Eu-152.
Eu-1fra,
Ev-eu.

IJ ^II^I40

30'4co-so.
,c^̂

I':. , I 30 --
Cs-137 Eu-155,

! Nokes:
40 40 -_

LFl Data - Analyl:ical Iob results for all inorganic constituents cireater than 95% upper threshold 1976 Radlocnemicai Data - /dl detected radionuclides at the corresponding deptd intLrvaus are shown.

lenib and all detected organic compounds and radionuclides are shown.

Reltl Screening - Action IevMs for volatile organic compounds ( VOC) was 5 ppm above backaraund Field screening values greater than non-detect or ba<kground ore recorded in this Po)ure.

and' gross gammo (y) radiation was twice background. All samples were field screened.

Surveyed elevation to top of brass disc 411.37 feet (NGVD-29). Borehole Spe<trol/Goimma Log - Ban indiate interval of borehole where radionuclide was detected.
116F2

Figure 3-9 Summary Diagra4

of the 116-F-2 LFI Borehole Dat
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0 -

10

20

30 -

Sampling Results for 116-F-3 Test Pit
Sample Field Screening

Waste Site Location LFI Data 3-93 Dorian & Richards

3--93 3-93 o,iQV+^ V`^ n`^e+^ (1976)

0.0'-1A'OB08G82 Mww4w«Y
116-F-3 Fuel Storage

^Fwr

irench o'/re"e

100 FLx 20 Ft.x 8 Ft.
M4a1.IwnM.w4
phrTM4
N4elehwa«nw4

ReceWed reoctor eMuant e..e. H. uassixx.
during fuel clodding o.iss. W-asiaa, wfu

In 1951failure the
K-.p, oe-ea. as.rsT

. .
slte also reaeWed aWdge

e.rx, s.-w
R.-as. nr.2:e

from the F-ReaatcK Ts232
Fuel Storage Baain. 500

7.0' /E108083 ^w.re4 t500
1947-1951/le tiv

.-wroNa-w.rm 1500ac a pbsrMMYW.Y
bNt-FrrryM.pYM4Y b
TO4pwY
Meaar-IIe.. G. 10
RF Z.

a

0 450U-aav¢o., u-xss 0 0 75-100
12 0' p308G8a u-oss, caaasn.o .

.
M9,11. K-40 . CPio
C.-rt. I!o-rx.
FuW. R.-]te.
T.110

twrare

17.0' /608a85
otol Dep th = 1Z 0 Feet-

a

Total 3)epth - 17.0 Feet u-FSar1s., utx 0.0 75

^

Vµ]N/]Ia. KJa p^
1 O

2 he. Cr tests

l

e wx. R.-t2e.

< fO ppm cr+6
.o-:ae. .Raa:

20'r W

'tr°
DOE/RL-93-82

Draft A

Figure 3-10 Summary Diagi

of the 116-F-3 LFI Test Pit Dat<

0

10 -

20 -

30 -

40
Notes:

I i' iIL 1 I 40 _
I

lFl Data - Molytical lab results fa- all inorganic aonstituenta greuter than 95% upper threshold I 1976 Radiochemiical Dal:e - NI detected radionuclides at the corresponding depth intervals are ahown,

limits and all detected organic comlpounds and radi,onuclides are triown.

Field Screening - Action levels for vola^lae organic 6ompoundlc ( VOC) was 5 ppm and gross gamma Field screenlog wlues qrealer than non-detect or background are recorded In this tigure.

(7) rodiation was twice background. MI samples were field ,dreened.
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0 _

10_ 'i

20

30

Sampling Results for 116-F-4 Borehole
Sample Field Screening

Waste Site Geologic Log Location LFI Data 3-93 Spectral Gamma
3-93 3-93 3-93 o^eo @'^ h cea (PCi/g)

°

1500
_ _ { Crib o

O

0.0'-9.0' 0.0'-2.0'

10 Ft a 10 Ft e 10 Ft. o•°
Sandy GRAVEL #8a80P2

00

Recei.<d cooling water o°
^

23 4
200 4000

from process tubes • °
containing reptured ° a
fUel elemants ° 0

'
1950-1952/Inoclive •

0
5.0-70
/B080P3 8000

0
°•
0

o 20000 1^, . . 00000

0'-169 0'
1200

. .
Grovelly SAND 9.4'-11.4' 8000 60000 I

08080P4
150000

50000

13.4'-15.6 S00

'8080P5 250

o0 16A'-28.0'
232

• ° Sandy GRAVEL 10000
0 0

T k
4000

oiO
o en. 1900

00
•o

^O 190-20.8' 1700
pa /8080P9

11700

0 0
1700

0 10
1700

°•
eo

oa
o0 25.0'-26•9'

7 1500
o . IB178003

00

Total Depth = 28.0 Feet I I

Ca-ID, Eu-55

Pu-236. Pu-2]9./2W
A+ Sr-90. Eu

Eu-154 G-1N.'.Q-I-)
Eu-I55. U

10 _

12 S• u-2]e. Pu-238,1740
5-90. Eu-151 Ca-60
Eu-t5c, Cr-137. Eu-155

20'
Pu-239/2"0. Sr-9a

20Eu-152. G-1D _
Eu-155

30 _

40 - i-1
Notes:

L-1.-1JI ^ ^-- - -J 40
LFI Data - A,n°lytical lab results for oil inorgani4 constituents greater than 95% upper threshold 1976 Radiochemic°I Data - All detected radionuclides at the corresponding deptls intervnls are
limits and oll detecaed organic compounds and radionuclides are aho, shown.

Field Screening - Action levels for vulatBe organic compounds ( VOC) was 5 ppm above background Fkld screening values greater than non-detect or background are recorded in this ticure.
and gross gumma ( ry) radiation was twice background. All samples were field screened.

Survepd eleaation to top of brass dise 411.81 feet ( NGVO-29). Borehole Spmctral/Gamrna Lag - Bare ndiote intervwl of Dorehole where radionuclide was detected.

16F4

i^ e d pr11^1 fi^i{ :DOE/RL-93-82
Draft A

Figure 31-11 Summary Diagr:

of the 116-F-4 LFI Borehole Da l

Dorian & Richards
(1976)

0 _
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Sampling R esults f or 116- F-6 B(
Sample Fieid Screening

Waste Site Geol ogic Log Location LFI Data 3-93
3-9 3 3-93 3-93 6o i^+ aa'+ ^`

116-F-6 Liquid waste
;

0.0'-26.0' 0.0'-2.0'
w1nNM. t'+!mae
ewtm.

50 1700

Dl l t ao Sandy GRAVEL NBO80L9 pdOeODsposa rench UtYPnmd°te
300 Ft x 100 Ft x 10 FL Oo Q.u-233/23.

U-23a
Received direct oooling o a R-40. co-e0 50 1700

water elFlUent during •° !52
reactor maintenance o^

Ro-226. Th
^

outages. o •
iA-232

1952-1965/Inoctive e0
* uetnN.w onyiee 6500

.o0 6.5'-8.5' Tmuew 20000I

°
A1080M0 Cr. in. ^ 5000

0 0 233/23.
200

V-

23a. Pu-239 1 a0
o m- zs9/2s 1800

'ID ° 0
90

N-4a. Co-60
1800
2000^

aB08oM1 Ca- UZ. Ea-ts2° O

O °
IEu- U. Ro-22E 2000

°• 1N-238

0 0 2500
' Ae.ear. 2400

p o Ben¢na
° • iduwra

'00 , ^-n-OuINMaWr.te0
. ° . 0.11-233/23.
O q

' '
U-234 Pu-239/

° 15.i0 -e7.0 240. "-Nt
o O 08680M2 5r-90. x-b 1700

• °
Co-60. Ca-131

o Eu-152. Eu-15a
00

'
Ro-226. 1n-238

1670o Th-232
po

e ei °
2 D ' O.O 19J9'-21.0' DW2-EUrNn.NkmRa°ea 1700_

- • o jB080413 0. U-233/234 0.7
Op u-23a. W-T39/ 1650

240. 5r-90

Oa '
K-M, Ca-IS]
Eu-152. E°-6. 1700

o R°-226.1A-23a 1600
00

•°
llr232

1500

0 0 1500

°I ' a I B.rzwra
iauwre 1500
Q. u-233n3.

Total Depth >• 26.0 Fee!t I U-23a. W-239/
2M. S -90

I k-a0, Eu-R2
Ra-226, 71,-2z8
1n-z3z

30

)rehole

Spectral Gammc Dorion & Ricrlar,ys
(PGi/g) (1976)

0

Eu!52
Co-60 Eu-15

^,-137

4

;
0.C

7a.0 18.0 169.01

7 _)

0.

1s,

17.5.

20'

90.5!

25

27

28'

10 _

20 _

30 -

40 40
Noles:

LFI Data - Analytical to results for all morganic constituents gnlate^ than 95Z upper threshad 1976 Rociliochemical Data - All detected radionudides at the corresoonding depth intervals are shown.
Ilmits and all detected organic compounds and radionuclides are shor.n.

Field Screening - Action Ievels for volatde organic compounds (VIOC) IwOS 5 ppm above buckground Field screening volues gieater than non-detect or bacxarouna are recorded in this figure.

Smve.ed elevnlion to top of brass disc 4t3.09 feet ( NCVO-29). I Borehole Spectral/Gamrno Log - Bars utdiate interval of oorehole +,here radionuclide as delected.

/240. 5r-90

and for gross gamma ( y) rad!utlon was twice background. All samp!ea were field acreened.

Co-60
Ca-137

/110. Sr-i0
r-152 Ce-6C
Ca-617
U. Ca-1L

Eu-152 Ce-60.
C.-134. Ce-131.

Eu-152. Ce-60
Ca-137, ru-153

Eu-152. G-be
ca-13a.,e-137

DOE/RL-93-82
Draft A

Figure 3-12 Summary Diag,

of the 116-F-6 LFI Borehole I
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Waste Site

0 _

116-F-9C Anlmol waste

leaching trench

400 Fl lang with 100 Ft
branch: 10 Ft. deep;
15 Ft. wide

Received wastewater

from animal pens

1963-1976/Inuctive

10

20

30 -

40 _

r q j 7tr, 1 V.t,^? LVt'.IKL-`J3-2SL
l^d1.Vf^ I;=f

Draft A

Figure 3-13 Sununary Diagr

of the 116-F-9C LF1 Borehole D:

Dorian & Richards
(1976)

0 _

10 _

5-90. Pn-239/240

Ce-137. Co-60. Ev-1S2

ia-4). Co-60. Eu-152 20 -
4-9p. P°-219/2w

Ca-139. co-6o. Eu-152
4 Eu-154, En-155. 9-90
Pv-2J9/2w

Ca-t3p, Ca-60. Eu-152
E^-Oll S-9o

Notes: 40

30^^co-6o. sr-9p

^,.

30 _

LFI Date - Analytical iaa results for all inorganic constituents areater than 959 upper threshoc 19715 Rodiochemlcal Data - All detected radionuclides at the corresponding depth intervals are snown.limits and all detected organic compounds and radionuclides are shown.

Field Screening - Action rovNs for volatile organic compounds (vOC) was 5 ppm above bockgroand Field screening values greater than non-detect or backgreun;, are recorded in this figure.
and gr45s gamma (y) raaictbn was twice background. All samples Were field screentd.

SurveyeCl elevation to too of brass disc 411.98 feet ( NCVD-29). ^ Bore.Hale 5per.tral/Gammo Log - Bars kidinte 'rttervol of borenele where radionuclide was detected

Geo logi
3-9

Sampling Results for
Sample

c Log Location LFI Data
3 3-93 3-93

116
Field

o'r;°+

-F-

Scre
3-93

s
@'•^°

9C
ening

^ ^
^ r,Q

Bore hole

Spectral Gamma
(pci/g)

° 0.0'-8.0' 0.0'-2.0' ( I - !
Ga Sandy GRAVEL a8080N5 lane 0.1 50 1500

a o ^.v-23]/23•a
u-zx C-1. 0.3 50 1500

s o°

0
2,5'-4.5 K-40. Ro-226

m-228 Th
0.1 100 1700 i

^ /8080N5
. -232

a 0.1 75 1400
.o I

opo
untlem akfideal

0. AptOne ilau.ne 50 1900
00

aqw-capo-aane 100 2000 i.• °

8.0'-9.0'

I
19awmo-CM«aane

V /

,

°
Silty sandy GRAVEL -230. 5. 90
9.0'-21.0' 0-14 0.7 100 1800

° •
.^p Sandy GRAVEL 9.0'-11.0'

K-w. Re-zzfi
ih-22a. ,n-2JZ o.4 100 1600

° • 58080N6 40. 100 170000

^ 0.4 75 1400
° ueuy.^. awrtee

o^

°

Avtme
elume 0.7 100 1800

O a dyna-OK°rVme

p0
9>rvno-mlweane
^. U-2JJ/23e 0.4 100 2100

•°° 14 5'5 - 16 9 0`
0.4 75 1500

. .
/B080N7

K-ap. Ca-1 } .
R°-226. ih-218

100 1500 Cs-q7
0 0

' '
iR-232
-

100 1300
16.5 -18.5 100 1300

^

0.3
00 {13080N8 0.4 25 1500 1- ,

•
0.4 25 1500

^ a
uetnpma Cnianae 0.4 50 1200

° o• Acame 0.6 50 1200

°

1^^

B. u-z33/2a4 _:(
U-ZX. S-9p

21.0'-25.0' K-40, R°-226
Si) 1600

Gravelly SAND
1_n-22l. an-212

5 1500
7'5 1600 -^.

uetnN.ne Cruonae

23.0'-25.0' "cet°ne i

°

080P0
' ^ 75 1350i9i-n-bayPn<ndao,

25.0'-26.8' ^. v-2Ja, sr-9o ^ 0.6 Ti 1300 _.
o• Sandy GRAVEL it-sa. no-226 7:i 1300
p p
_ Ih-229. ih-232- 75 1300

Tatal Depth - 26.8 Feet -

0.4 7tj 1500

3F-13



THIS PAGE IN,TENTIONALLY
LEFT BLANK



Waste Site

O 116-F-9C Animal waste

leaching trench

400 Ft long with 100 Ft

branch; 10 Ft. deep;

5 Ft. wide

Received wastewater
from animal pens.

1963-1976/Inactive

10 -

20 -

30

Sampling Results for 116-F-9D Test Pit
Sample Field Screening

Location LFI Data 3-93 Dorian & Richards

3-93 3-93
o4g$1

(1976)

_FA^^a
0.0'-1.0"

9.0-10.0'

Total D th : 20.0 Feet 2 we` T.
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eP ow. c.•b 2 0.0' O®
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25'

27'

30'
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40 _ __j 40 ---
Wotes:
1.f9 Data - Analytical lab results for all inorganic conatituents greater than 9511 upper threshold 1976 Rodiochemical Data - All Aet>cted radicnuclides at the corresponding depth Inte:wls are shown.

limits and all detected organic campaunds and radionuclides are shown.

Field Saeening - Action levels for volatile organic eornpounds (VOC) was 5 ppm anp gross gamma Field screening v<Mues greater than non-detect or background are recorded in this figure.

(T) rediation was twice background. All samples were field screened.

16F14

DOE/RL-93-82
Draft A

Figure 3-14 Summary Diag

of the 116-F-9D LFI Test Pit I
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^^ampling Resu.ilts for 116-F-14 Borehole
Sample I Field Screening

Waste Site Geologic Log Location LFI Data 3-93 Spectral Gommc
3-93 3-93 3-93 (pCi/g)
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Figure 3-15 Summary Diagr

of the 116-F-14 LFI Borehole E
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Lf1 DaM1a - Analyticmi we resuRs for all Inorganic constituents greater than 95% upper threshoia 1976 Radiochemical Data - All detected radionuclides at 5 R. depth intervols arei
Ibnita and all detectea organic ccmpounds and radionuclides are ahown shown. See Appendix B for a complete reporting.

F{eld Screening -^AeGon leveis for volatile org°nio compounds (VOC) was 5 ppm'above background Field screening values greater than non-detect or background ore recorded in this fii
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DOE/RL-93-82
Draft A

Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 2 of 2)

6^wyM xrM« 6p6066 6o6oe6 606p67 w6oa YB% cMGUClIpI

. . _ . ._

ppat lnur.el

. .

1 h

_

6 h 10 h 16 h

uTLRI

hdonuolkW laone'JI pCl/0 PCI/9 PCi/9 PCi/g PCi/9 PCi/9

ReOWm-226 0.49 0.51 0.45' 0.36 NR NR

Thohum-226 0.97' 0.70' 0.76' 0.69' NR NR

Thohum-232 0.69' 0.78' 0.56' 0.56' NR NR

Uranlum-233234 0.51 0.39 0.35 0.41 NR NR

UranWm-236 0.44 0.50 0.59 0.43 NR NR

ANOn mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

FluorlCe 0.5 0.6 0.7 0.7 12 NA

NO, NO, 4.45 NO ND NO 199 (c) NA

pN (a) 9.3 8.6 8.9 9.0 NR NR

Suflete 4 71 95 16 1.320 NR

a - Reporteo as standard unrts.

b • 95%con6oence limh of the 95th percentlle of the data bistrmution.

c - Value reported is for Nitrate only.

J - Estimated value. '

NA - Notanalyzeo.

NO - Not 0¢tecteo.
NR • Not reporte0.

3T-2b



DOE/RL-93 !0
Draft A

Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 1 of 2)

aemple Nuntwr 9060416 BOaoee BOa067 60e068 96% OMOIICROL

Mpm intwvel t h 6 It 10 h l6 h

UTl iEl

tnprpsriae mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 6.120 5,800 6,060 6.190 15,600 200

Arsanic --- - 2.6 2.0 2.8 2.7 8.92 10

Barlum 77.9 49.6 59.2 56.9 171 200

BeryNlum 0.24 0.25 0.23 0.25 1.77 5

Calcium 4.130 5,150 5.210 4,430 23,920 5.000

CNomlum 14.7 9.8 12.1 10.2 27.9 10

Cobalt 6.6 5.9 6.4 7.1 19.6 50

Copper 14.4 16.0 16.4 15.5 28.2 25

Iron 13.800 12.900 13,200 14.000 39.160 100

Lead 13.1 5.8 8.1 5.0 14.75 3

Magnesium 3,990 3,810 4,020 4.060 8,760 5,000

Manganese 236 200 305 294 612 15

Mercury 0.18 0.35 0.56 0.26 1.25 0.2

Nlckel 9.1 9.5 11.7 10.4 25.3 40

Potassium 1,530 561 736 760 3,120 5.000

SIIYtr ND 0.71 NO 0.98 2.7 10

Sotllum 136 152 143 146 1.290 5,000

Valralum 32.4 31.1 29.6 32.9 111 50

Zlnc 37.0 36.3 47.5 32.1 79 20

Vtls1YS Orprxa Yg/kg ug%xg ^9/kg rg/IIg pg/kg rgArg

2-Heeenone NO ND ND 2' NR 10

4-Methyl-2-pentanone ND ND ND NR 10

Acetone 11 61 ND 13 NR 10

MetlryleneChlorl0e ND 2' NO ND NR 10

Toluene 12 5' 33 13 NR 10

aernl Vu1nW Orytla yg/k9 Yg/kg /9/kg

bis(2-'ctRyineayl)prUialete 4°0' ND NR 330

Dl-n-butylpMnalete 55 52' 52' 41' NR 330

pwaalanlpC[ V9/kg Y9/kg 4/kg u9/kg 19/kg Yg/kg

ND ND ND ND NR ND

qtlwrudiew oCl/g pCl/g pCl/g CCi/g pCi/g pCi/g

gross a¢lne 12 7' 6.7' 7' NR NR

^yro33Ceto 14 1 - - , NR NR

Potasslumi0 14 13 14 13 NR NR

Ceslum-137 0.19' 0.11' 0.081' NO NR NR

3T-?a



DOE/RL-93-82
Draft A

Table 3-1 Analytical Results for the 116-F-1A Borehole (page 2 of 2)

saineM MrrVr W60N1 6060N2 6ptpN2 w60Na 66% CIIO6J

Oqrh Inorvel 0-2 ft 6.6-11 h 116-14.2 It 18-20 ft

Y7L(n eRDI

Rdenumaee (eont'GI pCl/9 pCi/9 pCl/9 pCi/9 pCtl9 2CI19

Urertlum-233/234 0.53 0.34 0.94 0.43 NA NR

Uranlum-238 0.77 0.39 0.83 0.31 NR NR

RutOnlum-239/240 0.016' ND ND ND NR NP

Mia1111 m9/k9 m9/k9 rn9/F9 rn9M9 n^9/k9 mg/k9

Fluoride 0.8 0.8 0.8 0.4 12 NR

NO., NO, 5.97 ND ND ND 199 (b) NR

Sutlate 9 11 12 12 1.320 NR

a • 95%confl0ence limit of the 95th percentile of the data distribution.
b • Value reported is for Nttrete only.

J • Eatlmetetl veiue.

ND - Not tletectetl.
NA - Not analyzed.
NR - Not reported.

3T-lb



DOE/RL-93 8
Draft A

Table 3-1 Analytical Results for the 116-F-IA Borehole (page 1 of 2)

SemplM N^ BOBONI 1108GN2 0080N3 BOBON4 96% CROL

oepoa tnbrrrl 0.3 N 9.6-11 ft 14.6-18.3 It 16-20 n

uTLlq CR01.

Imrpn:u mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 7,500 4,760 4.420 4,580 15.600 200

Arsenic 44 1.1 1.1 1.3 6.92 10

Barlum 72.8 44.6 60.2 45.8 171 200

9erylllum 0.29 0.25 0.22 0.21 1.77 5

CalUum 3,430 3,490 4,870 2,870 23,920 5.000

CMomlum 19.1 9.6 8.1 7.7 27.9 10

I Cobatt 8.1 8.2 7.6 6.6 19.6 50

COpper 28.2 25

Iron 16.100 14.600 13,700 12.100 39.160 100

Lead 207 2.4 1.6 2.2 14.75 3

Magnesium 3,900 3.320 3.290 3,440 8,760 5.000

Manganese 278 235 201 204 612 15

Mercury 0.08 ND NO ND 1.25 0.2

Nlckel 10.9 76 8 8.3 25.3 40

Potassium 1.860 744 788 581 3,120 5,000

Sodium 125 292 311 238 1.290 5,000

Vanadium 33.3 40.5 37,3 29.2 111 50

Zlnc 44.7 32.7 29.2 31.3 79 20

VWelebr9ndes ug/kg ug/kg u9/kg /5/kg Yg/kg Yg/xg

Acetone ND ND NO 10' NR 10

MetllyleneCMorioe 3' ND 3' ND NR 10

Toluene 6' 3' 11 36 NR 10

a.,nlVUlse40ryeno /g/kg wg/kg u9/kg r9/k9 pg/kg

bls(2-Etnylnezy0pntnalate 360' NO ND

F

NA NR 330

OFn-DUtylOMnelete 120' t]0' 150' NA NR 330

IwsahelPCB Ng/kg ug/kg /N/kg

ND ND NO NA NR ND

qe^S^Wee pCi/g pCi/g pCl/g pCUg pCi/g pCi/g

y.-,..^.....a o.r.^-.w.p 5.:' NO-- NO NDNO NR NR

grossbeta 21 14 15 NR NR

Carbon-14 190 220

.

60 NR NR

Pntessium-4(1 19 i i 11 NR NR

Cesium-137 0.056 ND ND ND NA NR

Europlum-152 0.23' NC ND ND NR NR

Raoium-226 0.4 0.43 l41 0.29 NR NR

Thorlum-228 0.6 0.44 0.51 0.45 NR NR

TTonum-232 0.63 3.42 u.53 0.35 NR NR

3T-la



4rmnMNUnbr wsGN OYW70

E

90111071 Mt072 U8073 Sow74 W14176 w4CI sOW77 ag% CRGU

UiipM tnurrr RYd l.rik llarifieii iyNt UuWraY c ft to ni 1on 20 It Trly lirt

unmt eRO^

Un«y.ric. mg/kg mg/kg mg/kg mgAcg mg/kg mgrkg mgAMg mgi(cg mgVlcg mgrkg mg/kg

Aluminum 49.4 6.810 4,560 6.170 4,450 4,700 5.040 4,550 NA 15,600 200

Arsenic ND 3 2.4 2.8 1.6 1.2 2.1 147 NA 8.92 10

iBarlum 0.45 70.3 54.6 65 42 20,3 48A 33.2 NA 171 200

iBerylllum ND 0.25 NO 0.22 0.12 0.15, 0.14 0.23 NA 1.77 5

SaOmwm ND 0.65 NO 0.58 ND ND ND ND NA 0.66 (c) 5

Calclum ND 3,030 2.400 2.760 2,470 2,580 2.720 3,1160 NA 23,920 5,000

,Chronuum ND 23.3 189 22.3 7.3 8.7 9.5 6.16 NA 27.9 10

Co0al1 ND 86 62 7.3 6.2 6.2 6.5 5.3 NA 19.6 50

tioPper 1.1 21.5 166 20.2 133 13.9 13.2 17.4 NA 28.2 25

Iron 195 16.300 10,500 14,500 11,500 11,600 11.700 10,600 NA 39,160 100

^tead 0.30 11 5 96 13.8 3.5 2.6 4 3.2 NA 14.75 3

IMagncswin 9 4,330 3.140 3.660 3,340 3,57[] 3.860 3.380 NA 8,760 5,000

Manganeee 0.82 223 116 213 213 199: 204 203 NA 612 15

Merauy 0.08 0.57 ND 0.69 0.06 0.09 0.14 0.10 NA 1.25 0.2

Nlchel ND 13 10 10.5 9.5 10.6 11.5 6.8 NA 25.3 40

{'otasswni ND B72 7,0 828 453 443 51B 529 NA 3,120 5,000

Sllver ND 1.3 ND 1 ND 0.91 0.73 ND NA 2.7 10

Sotlium 17 130 86.9 117 116 140 14B 11B NA 1.290 5,000

Vanadium ND 39 17 32.5 28.1 284 27.5 23.2 NA 111 50

Zinc ND 142 132 133 24.9 254 28.7 23.3 NA 79 20

vdati. ura•NC. pg/kg pg/kg ng/kg Yg/1M9 79/><9 Y9Mg r9/kg Y9/k9 r9Atg A9Mg IN/M9

2-Butanone ND ND ND 6' ND ND NO ND ND NR 10

2-Hexanone ND ND ND 3' ND ND ND ND ND NR 10

4-Methyl-2pentanone ND ND ND 2' ND ND NO ND 1' NR 10

Acetone 8' ND 15 9' 7' 9' 7' 9' 7' NR 10

Methylene chloritle ND ND 12 NO ND ND NO ND NO NA 10

TetraclNoroethene ND ND
=

ND ND ND NO ND ND NR 10
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W
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5amp4a NvnEer B080W B08070 608071 606013 508073 806074 1110B016 608076 11108017 96% CR01./

Deprh Inrervtl FINd Mrk 6urhu 6pllt DupYUb 6 N loft 16 N 20 ft idlp B.nk

OR^1 CRUL

VaG.me Oryernc. IconYdl ugMg pg/kg YgMg u4/kg rgMg 19Mg pg/kg Y9Mg VgMg Yg/kg rg/kg

ToOUene 3' 8' 23 57 ND 2' 2' 4' ND NR 10

in:nloroiwcno ND ND 1' ND ND ND ND ND ND NR 10

sarni Volaule 0rp,aryce mgMg pg/kg pg/kg yg/Fg Ng/h9 ugM9 pg/kg r9M9 V9M9 u9M9

0rs(2-Elnylni.ypunn^^4,n: ND 36' 470 44' 190' 53' 73' ND NA NR 330

Drnbutylpbmalale 42' 52' 30 58' 69 58' 57' 47' NA NR 330

petOClde.rpCB vg/kg pg/kg r'9/h9 19/k9 r9/kB rrgMg 3gMg Y9Mg VgMg 19Mg p9/kg

ND ND ND ND ND ND ND ND NA NA ND

Recionaclmc. pCl/g pCpg pC/g pG/g pG/ 9 PCI/ 9 pCl/9 PCi/9 PCU9 PCU9 PCi/9

yressoiUn,; ND 95' 76 14 ND ND ND 64' NA NR , NR

grassbrl. ND 17 , 16 lfi 13 17 19 NA NR NR

P.:4s_nmr.. 0.38 13 13 S 13 14 13 11 14 NA NR NR

Slronni.nhl. ND ND 0 tG ND ND ND ND ND NA NR NR

r.ee.mn, 1,1 ND ND 00404 0088' ND ND ND ND NA NR NR

Haamm 27t 0.076 065 ND 065 0 38 039 0.32 0.46 NA NR NR

Tnonum-22E 0.15' 1' 059] 0]6' 046 0.73' 0.48' 0.56' NA NR NR

lncrwm-23i 0.18, 0.09- ND 0.94' 0.69 0.58, 0.52' 0.54' NA NR NR

uranmro-233/234 0.098' 0.40 ND 0.71 0.53 0.44 0.30 0.35 NA NR NR

uraniunr-235 NO ND . 00073 0.15 ND ND ND ND NA NR NR

Urzniom-238 0.063' 0.36 0.24 0.73 048 0.44 0.31 0.41 NA NR NA

Arriona mgMg mg/kg mg/kg mg/kg mg/kg mg/kg mgMg mgMg mg/kg mg/kg mg/kg

fluontle 0.4 0.8 4.1 11.8 0.4 0.6 0.9 0.5 NA 12 NR

Nitrate ND ND 2.9 ND ND ND ND ND NA 199 NR

NO,. NO, NO ND ND 4.12 ND NO ND ND NA 199 (c) NR

pH (a) 7.4 8.2 NO e.1 7.5 8.1 9 9.4 NA NR NR

Sultate 4 3 2.6 3 4 3 6 11 NA 1.320 NR
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DOE/RL-93-82
Draft A

Table 3-4 Analytical Results for the 116-F-2 Borehole (page 1 of 2)

MnONN^r B080M1 BOBOMB 80BOM7 BOBOMB BOBCMB 8080110 861L C1104/

Uept0lndrrw 0-2 ft 1) -13 ft 14.8-16.8 It ft 19.7-26.7 ft 24.8-28.5 it 3042 ft

YTL(N CROL

Inwoenise mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 5.630 5,430 5.230 4,730 5.440 5.450 15,600 200

ArseMC 2.1 0.85 0.76 ND 0.94 1.5 8.92 10

Barium , 51.7 79.1 48 338 67.4 47.9 171 200

5ery91em 0.28 0.31_ - 0 23_. - 0.21 0.2n n.1c 1.77 5

Cadmium ND 1.6 0.33 ND ND NO 0.66 (b) 5

CalUum 5,000 4,010 3.580 5.600 4,490 2.610 23,920 5,000

Cbromlum 11 98.1 30.5 14.4 18.3 20.5 27.9 10

CobeB 7.4 9.3 7.3 7.5 8.5 6.5 19.6 50

Copper 13.5 22 13.6 13.2 12.5 12.9 28.2 25

Iron 14,700 17,000 13,900 13,300 14.500 12.200 39,160 100

Lead 3.6' 12.9' 3.6' 2.6' 2.5' 3.3 14.75 3

Magnesium 3.830 3,770 3.980 3.620 4.150 3,960 8,760 5.000

Manganese 253 239 231 318 215 240 612 15

Mercury NO 0.96 0.23 0,18 ND ND 1.25 0.2

Nickel 9.6 11.1 10.5 6 11.4 9.8 25.3 40

Polnsslum 970 771 696 604 668 528 3.120 5,000

Sodium 157 246 238 241 296 126 1,290 5,0130

Vanetlium 34 40.4 33.2 32.5 39.5 29.2 111 50

ZlrtC 34.1 295 54.6 33.5 32.1 28.7 79 20

VubtllM Grynie ug/kg ug/kg /9/kg r9/kg Yg/k9 rg/kg l5/kg

MethyleneChlanOe NO ND ND ND ND 2' NR 10

Toluene ND ND ND ND ND 4' NA 10

Ban1 Vabe4 Gryriio w9/kg w9/kg w8/kg u9/kg u9/kg pg/kg

Benzo(b)fluoramhene ND 83' ND ND ND ND NA 330

Clvysene ND 48' ND ND ND ND NA 330

DFmbutylphthalete ND ND ND ND ND 71' NR 330

VeaYeiGn/YC9 wg/kg N9/k9 w9/kg v9/kg /N/hg /5/kg

ND ND ND ND ND NO NR ND

11.awxrdia.. pCl/g pCl/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g

gross alpha ND 11 ND 10 ND 4.6' NR NR

gross bets 16 350 140 95 14 16 NR NA

Carbon-14 62 230 2c0 230 230 230 NA NR

Potessium-40 13 ND 21 16 10 9.5 NR NR

CobelpSB NA NA 067 NA NA NA NR NR

Cobabfi0 0.041' 12' 6.8' 3.5' ND ND NR NR

SbOntlum-90 ND 7.6 3.2 1.31 ND ND NR NR

Cesium-137 ._021 _ ._3_s _31 22 2.9 0.66 NR NR
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Table 3-4 Analytical Results for the 116-F-2 Borehole (page 2 of 2)

iwyle Nuniw BO90M4 B080M8 8080M7 BOBOMB B090Mi 8080N0 98% ONOL/

DNN Inl«wl 0-2 N 10-12 N 14.9-19.8 ft ft 19.7-26.7 ft 24.8-28.6 M1 3042 B

VfL lel CNDL

ReJwkloMOw laem'CI pCl/9 pCU9 pCI/9 pCl/9 pCi/9 pCU9 pCl/9 PW9

Europlum-152 5.31 550• 190' 77, 0.21' 0.17' NR NA

Europlum-154 0.27 360 17 8.7 ND ND NR NR

Europlurn-155 NA NA 0.65 0.41 NA NA NR NR

Irldlurn-192 NA 0.58 NA NA NA NA NR NR

Redlum-228 0.52 ND 0.33 0.58 0.39 0.30 NR NR

Thorium-228 0.99 NO 0.65 1 0.33 0.59 NR NR

Thorlum-232 0.56 NO ND NO 0.45 0.51 NR NR

um-233/234 0.35 0.47 0.37 0.44 0.50 0.35 NR NR

Urenlum-235 ND 0.13' ND ND 0.37 NO NR NR

Urarlium-238 0.43 0.59 0.58 0.37 0.60 0.47 NR NR

Flutonium438 ND 0.068 0.022' ND NO NO NR NP

Plutonium-239/240 NO 3.7 1.3 0.26 ND NO NR NA

Americlum-241 ND 0.57 0.2Y 0.088 ND ND NR NR

Mium mg/kg m9/k9 mg/kg rn9/k9 m9/119 m9/k9 m9/k9 m9/k9

"uori'u2 --- - 0.60 0.50 0.50 0.60 0.40 12 NA

NO, NO, ND 6.16 3.61 NO 2.71 2.62 199 (c) NR

SuOete 9 17 11 15 10 5 1,320 NR

a . 95%OonOdence limit of tne 95th percentile of tne data disVibution.

h _Velue
reoortetl

is limit nf neVrtinn

c -Value reported is for Nitrate only.

J - Estlmeted vaWe.

R . Value marked as releate0 in vauda0on reoort

ND - Npt Eetected.

NA • Nnf eruWVCrI _

NR - Not reported.
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Table 3-5 Analogous Site Comparison for 116-F-2 (page 1 of 2)

MaR>wrDarfnlunnl 11li-2 11e4-1 ile-011-1 116-Dh2 11eJ1-1 ecxlrtum CROLICRDL

INOROANICileI mg/k9 mg/kg m9/k9 m9/k9 m9/k9 m9/kg mg/kg

Arsenic - - - - 37.9 8.92 10

Barlum 338 - - - - 171 200

Cadmium 1.6 - - 1.10' - 0.66(e) 5

CMomlum 98.1 33 186' - 29.6 27.9 10

Lead - - - - 187 14.75 3

Manganese - 839 - - - 612 15

SNVer - - 3150" 3.70" - 2.7 10

Zinc 295 128 109' - 79 20

9GLATLE OROANICi wg/kg ug/kg yg/kg yg/kg yg/kg yg/kg ygAtg

Acetone - 22 - NA 10

Mettrylene Chloride 2' 1' 9 11 NR 10

Toluene 4' - 3' - 14 NR 10

aYA 90uiil[ OROANKS Yg/k9 /N/k9 /5/k9 pg/kg Yg/k9 M9/k9 Y9/k9

1,3-0Ichlorobenzene - - 48' - - NR 330

1,4DIChlorobenzene - 37' - - NR 330

2-Chlorophenol - - 47' NR 330

2-MetMlnepMhelene - - 42' NR 330

4-C:'uc-3-me.hylphenCl 3°' - - NR 330

ACenepMhene - - - 210' NR 330

Antbmcene - 430' NR 330

BenZO(e)enOeacene - , - 940' NR 330

Benzo(a)pyrene - - - 810' NR 330

Ben2o(b)fluorantnene 83' - 890' NR 330

Ben20(ghl)peryle0e - - - 410' NR 330

BenzO(k)fluorenthene - 780' NR 330

Benzoic acid - 250' - - NR

L^yaen2 48' - - 920' NA 330

Dibenzoturan - - - 130' NR 330

0M-0utylphthelete 71' - - 35' 68' NR 330

Fluorambene - - - 1800' NR 330

Fluorene - - - 190' NR 330

Indeno(1,2.3-od)pyrene - - 520' NR 330

Phenanthrene - - - - 1500' NR 330

Pyrene - - - - 1200' NR 330

RACIONUCUDES IEI pCl/g pCl/g pCi/g oCi/g pCi/g pCl/g pCi/g

Carbon-14 . _240 fi 1H'

SodlumQ2 9.91' NR -
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Draft A

Table 3-5 Analogous Site Comparison for 116-F-2 (page 2 of 2)

A4euurcaaiciamnow 1184-2 11e4-1 11 1114DR-t tteaRd 118441 YL%UTLIdI oROUCNOL

MDIONYDtIDif 101(oanCel pci/g PCi/g PCI/g pCl/g PCi/g PCi/g pCi/g

Potassium-40 21 - 20' 10' - NR

Cobatt-60 12' 4.167 23.1' 3.75' 2.5 NR

Strorrtlum-90 7.6 13.2" 10' 1.7 6.2 NR -

Ceslum-137 35 43.85 147j 233' 32 NR

Europium-152 550' 121.9 258' 24' 54 NR -

Europium-154 360 9.9 25.7 2.53' 5.4 NR -

Tharlum-228 1 - - - - NR -

Plutertlum-239/240 3.7 3.6 (c) - 14' - NR

a • Inorganic values were screened against Hanford She background 95% UTL Region X excluded elements.
n_ - (1,n,N radionuclides grnwter than 1 n0_I(e were rennrtnd

c • Value for Rutonium 239 only.

d - 95%confioence limit of the 95th percentile of the data oistribution.

e • Value reporteo is limit of oetection.

J • Value is estimateo, concentration less than contract required detection limit.

R • Value markeo as re,ecteo in valiQation repory

- • Not Cetecteo-

NR • Not reporteo.

Analogous stte data taken from associate LFI reports. (DOE-RL 1993b). (DOE-RL 1993c). (DOE-RL 1993d).
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Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 1 of 2)

anneM NrmW 609082 608093 808084 608086 96% CR01/

.. . .... . .. .. . - Da^.•..`. Ima:a Sudaa6 7 h 12 It 17 It

UTL 1b1 CRUL

Inw9ric. mg/kg mg/kg mg/kg mg/kg mg/kg mg/kq

Aluminum 7,740 7,250 4,900 4,620 1,560 200

Arsenic 1 3.1 2.3 1.8 8.92 10

Barlum 378 79.6 35.7 52.3 171 200

Beryllium 0.46 0.27 0.34 0.43 1.77 5

Calcium 11,500 6,180 5.070 5.570 23.920 5.000

Chromium 5.5 74.4 8.7 7.9 27.9 10

Cobalt 7.8 8.5 5.4 5.8 19.6 50

Copper 22.2 23.8 11.1 11.1 28.2 25

Iron 12,200 19.500 10,900 10,700 39,160 100

Lead 18.2 49.9 2.8 2.8 14.75 3

Magnesium 4,590 4,010 3.830 3.530 8,760 5,000

Manganese 187 297 215 246 512 15

Mercury 0.12 1.5 ND ND 1.25 0.2

Nickel 9.8 11.3 10 8.6 25.3 40

PotassWm 979 1,290 587 568 3,120 5.000

Sllver ND 13 NO NO 2.7 10

.5 Gluc --:- - ..4:3:-.-- - 719 __ 1 - 137- _ 144 1.290 5.000

VanaClum 30.2 36.3 27 25.3 111 50

Zlnc 53.3 175 24.4 24.5 79 20

Va.ale orw... r9/k9 r9/k9 f9/k9 pg/kg rqAt9 r9/kq

4-Methyl-2-pentanane NO il' NO ND NR 10

Acetone ND 5' 10' NR 10

Toluene 21 ND ND 7' NR 10

9.m1 Vw.we or9.r.e. fg/k9 u9/x9 r9/k9 ug/k9 ag/kg u9/kg

Bento(a)antnracene 240' NO NO ND NR 330

BenZo(b)fiucranthene 220' NO ND ND NR 330

bis(2-Ethylhexypphthalate ND 43' ND 45' NA 330

Chrysene 280' ND ND NO NR 330

D1-n-0utylphtnalate ND 77' 56' 71 NR 330

Fluoranthene 440' ND ND NO NR 330

Phenamhrene 270' ND ND ND NR 330

Pyrene 440' ND ND ND NR 330

VeYCaw./PCB yg/kg ^0/kg ug/k9 u9/k9 ug/k9

Aroclor-1254 NO 180 ND ND NR 33

Toxaphene ND 190 ND ND NR 170

R.uonWmw pCl/9 pCU9 PCi/g pCl/B PCI/g Pf,

grossalohn 6.7'(64) 1.11 7,9' 7.4' NR
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Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 2 of 2)

•.ryMxtmWr epYW2 soaOti ioY0Y4 spaOB6 Yc% CRpII

bpM Imnwl iurfra 1 h 12 ft 17 h

UTIICI CMl

WoranYen Iwnt'el GCI/g pCl/g pCl/g pel/g pCi/g pCl/g

grosa beta 11 71 22 22 NA NR

Potaes1um40 7.9 23 15 13 NA NR

Cobalt-00 0.056 1.9 ND ND NR NR

Ceslum-137 0.52' 2.6' ND ND NR NA

Europium-152 0.11 190 0.82 0.28 NR NR

Europium-154 0.075' 9.8 ND ND NA NA

Radlum-226 0.50 0.43 0.55 0.36 NR NR

Thor1um428 0.65' 0.78' 0.92 0.68 NR NA

Thorlum-232 0.69' ND 0.63 0.56 NA NR

UreNum-233/234 0.51 0.44 0.68 0.45 NR NR

Uranlum-2J5 ND 0.055' NO NO NR NR

Urenium-238 0.36 0.46 0.58 0.69 NA NR

PlutoMum-238 d.046' ND ND ND NA NR

Pluton1um439/240 0.012" 0.46 0.95' ND NR NR

Amerlclum-241 ND 0.033' ND ND NR NR

AtiaM mgMg mg/kg mg/kg mg/kg mg/kg mg/Rg

Fluoride 0.50 0.70 0.40 0.80 12 NR

NO, NO. 11.2 11.5 NO ND 199 (c) NR

5H (a) 8.7 9.4 9.4 1.320 NR

Sulfate 11 26 12 32

a - Reporteo as standerp units.

b • 95% confidence Iimu of the 95th peraemne ol the data aistribution.

c - Value reported for Nitrate only.

J - Estimated value.

R - Value marked as relected in validatian report.

NA - Not nrly[ed.

NO - Not delected.

NR - Not reported.
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Table 3-7 Analogous Site Comparison for 116-F-3 ( page 1 of 2)

MaaRneaNSxnunox neFJ ++e8-2 /1e-Dn. tle-D-lb 96%VTUa CROI/CROI

INORONMCtt4 mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Barium 378 - - - 171 200

Cadmium - - 1 - 0.66 (d) 5

CMomlum 74.4 - 108 30.4 27.9 10

Lead 49.9 - 51.9 22 14.79 3

Mercury 1.5 - - - 1.25 0.2

Nickel - - 42.5 25.3 40

Zinc 175 - - 106 79 20

VOUTILORGAMCe yg/itg ug/kg pg/kg N9/k9 M/k9

4-MettlyF2-penteaone 11' 11 - NR 10

Acetone 10' - 41' NR 10

MethyleneChlpriCC - - 11' NR 10

ToWene 21 52 - 1' NR 10

sB.ll VOIATNt OROnN1Ca yg/kg yg/kg pg/kg /N/hg Yg/Yg

1.3-0Ichlorobenzene - 38' NR 330

Benzo(a)anthrecene 240' - NR 330

Beneo(b)tluoranmene 220' - - NR 330

bis(2-ethylhexyqpbthelate 43' 350' NR 330

CarbeZOle - - 52' 54' NR 330

CMysene 260' - - 56' NA 330

0l-n-0ulylphihalate n^ - n' 35' NR 330

Fluorarnhene 440' - - - NR 330

N-Nttrosooiphenylamine 110' - NR 330

Phenenmrene 270' - - - NR 330

Pyrene 440' 39' - NR 330

eF811CIDE8/iCN yg/kg 19/kg u9/h9 /gAg /9Mg

Altlrln 75' NR 1.7

AroclNor-1254 160 - - - NR 33

beta-BHC - 7a' NR 1.7

Tosaphene 190 NR 170

-MmDN:S_531b: ^CI/g PCi/g PCi/9 PCi/g PCi/g PCI/g

Carban-14 3.95' NR -

57' NR

Potassmm30 23 .3.4' 14.1' NR -

CobaD{A 1.9 - t09' 16.3' NR

Slrontium-90 - 64.1 32 NR -

Ceelum-137 2.6' 91.32 305' 322' NR

3T-7a



DOE/RL

,^ :
y ,^^r'^`^

-93 '82
TI

Lit
-

au
C. A

1'able3-3 Analogous Site Comparison for 1 t6-r'-3 ( page 2 of 2)

WYnMCpaBmulqN 11e4-1 11e4-2 1184)-/. 116-0-ta ati%gTLlm cRgUCRDL

NADNfNtMlIDFt011eanCil pCl/g pCi/g pCWg pCi/g pCl/g pCi/g

Europlum-152 190 10.36 112' 147' NR -

Ewoplum-154 9.8 - 62.5' 98.2' NR -

ReNum-226 - 42.6' - NR

Plutonium-239 - 5.71' B.Y 5.3' NR -

Amencium-241 - 1.4' 1.3' NR -

a • Inor9anic values were screened against Hanford Site background 95% UTL, Region X excluded elements.

It • Only radionuclides greater than 1 pCI/g were reponed.

a - 95%eonfidence limit of the 95th percentile of the data distribution,

d • Value reponed is limit of detection.

= .o.....o estimated. co^centratipn le» than Cont(act required detection limi t.

R - Valua marked as rejected In velldetlon report.

• Not aelacte0.

NR - Not reporteo.
Analogous site deta teken from associate LFI reports. (DOE-RL 1993b). (DDE-RL 1993c). (DOE-RL 1993d).
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-iable 3-8 AnadyticaY-Resuitsfarihe 116-F-4 Boreiioie (page 1 of 2)

aanela NutnM 609oV2 6080n 6090Y4 606oV6 9o9oP9 9o6G0.T 96% C^

CpM N[arvel 0.2 It 6-7 N 0.4-11.4 It 13.4.16.6 h 19-20.6 It 26-26.9 It

YTl W CIOL

Inurw^lea mgMg mgAg mg/kg mg/kg mg/kg mgAg mgM9 m9M9

Aluminum 7.390 7.320 4.640 5.000 5.310 4.070 15,600 200

-Rr6eMc - 2,3 1.6 - D??•- 1,1- 1.2- 1.2- 092 - 10

Barium 190 208 53.3 49.6 48.6 46.9 171 200

Berylllum 0.27 0.32 0.19 0.2 ND 0.21 1.77 5

Calclum 9,260 8,440 4,870 5.150 5,830 5.260 23.920 5,000

Ctvomium 10 10.5 9.6 9.4 12.9 14.6 27.9 10

Cobalt 7.3 8.5 8.6 8.1 6.2 8 19.5 50

Copper 16 18.3 14.1 12.2 11.7 13.4 28.2 25

Iron 14,300 16,400 15,400 15.600 13.100 14,900 39.160 100

Lead 8.8 10.2 2.4 2.5 2.9 2.7 14.75 3

Magnesium 4,740 4.450 3,870 3,720 3.920 3.020 8,760 5,000

Manganese 255 , 249 249 247 236 327 612 15

Merc;ry - ND 0.06 ND ND ND NO 1.25 0.2

Nickel 11.1 10.3 8.2 7.8 10.3 9.9 25.3 40

Potassium ----- - --- 1,060 954 -- -- 624 824 989 - 6r----- 3,120 S,000

Sllver 0.89 0.94 0.88 ND ND ND 2.7 10

Sodium 303 430 289 371 273 386 1.290 5,000

`Ja'Iitkum 33.3 40.3 39.7 - `..7 34.4 39 111 50

Zlnc 37.6 39.3 34.6 34.8 36.1 28.6 79 20

VwnN or9riae rg/kg /9/kg r9/k9 ^g/kg ^g/kg u9Mg /9Mg n9M9

2-8utanone 22 NR ND ND ND ND NR 10

Acetone 14 NR NO NO 11 6' NR 10

MeOryleneChlonoe 5. NR NO 31 ]' 4' NR 10

Toluene 8' NR 13 4' 3' 1' NR 10

aerN V41aNe 9r9sreas Ng/kg l9/kg t9M9 YgMg N3M9 0gM9

bis(2-Ethylheayl)phthalate 800 NA ND 140' 96' ND NR 330

DI-rWutylphtNelete ND NA NO 130' 280' 130' NR 330

Dlwoctylphthalate ND NA ND 170' NO NO NR 330

IwlldaeslPC6 i.gMg r9M9 pg/kg y9Mg t9Mg pg/kg l9/kg Y9N9

ND NA ND NO ND NO NR NO

NeAOnvakln PCI/g PCi/g PCI/g PCi/g PCi/g pCi/g pCi/g PCI/9

Oss-slp^a ND . ":D -- -+^D NR NA

gross beta 20 44U' 4,900' 1.400 14 12 NR NA

Potassmm-40 9.2' 10' ., 12 7.5 11 NR NR

Cobaltb0 ND 0.14 0.34 ND ND NO NR NR

SttorMrm-90 5.2 160 1.500 570' NO NO NR NA
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Table 3-8 Analytical Results for the 116-F-4 Borehole (page 2 of 2)

YwyM IIUNw 111000" Y06on 6060N 6o6oP6 6020i6 606oG3 66% Cllti/

OpN Inurwl 0-2 It 6-7 1t 9.4-11.4 it 13.4-16.6 h 19-20.6 It 26-26.6 ft

un al cwa

Iltlorwdidw (aent'01 PCi/9 pCi/9 PCi/9 pCi/9 pCi/9 PCi/9 pCi/9 pCl/9

Cesium-137 3.5 340 1,800 920 0.72" NO NR NR

Europlum-152 NO 3.1 16 8.6 NO NO NR NR

Europlum-154 NO 0.3 NA 0.83' NO ND NA NR

Re01um-226 0.51' 0.45' 0.66' NO 0.32 0.39 NR NR

Thorlum-228 . 0.48' 0.49' ND ND 0A 0.38 NA NR

Thorlum-232 0.54' 0.58' 0.49' 1.4' ND 0.83 NR NR

Urereum-233/234 0.77 0.54 0.86 0.63 0.45 0.45 NR NR

Uranlum-235 NO 0.035' 0.095' NO ND NO NR NR

Uranlum-238 0.42 0.49 1 0.74 0.45 0.48 NR NR

PltROnlum-238 NO 0.15 ND 0.43 ND NO NR NR

Plutomum-239/140 0.15 12 130' 35 0.027' ND NR NR

Amerlclum-241 0.043' 1.4 12 3.9 0.053 NO NR NR

an... mryk9 mq/k9 m9M9 m9/k9 m9/h9 mg/kg mg/k9 m9/>t9

Fluarltle 0.5 NR 0.7 0.8 1.1 0.9 12 NR

NO, NO, 32.3 NR NO NO NO NO 199 (b) NR

SuBate 66 NR 19 18 10 19 1,320 NR

a - 95%confloence lima of the 95th percentile of the data distributlon.

b - Value reported is for Nitrate only.

J - Estimated value. -

A ^ Value marked as relected in vaudation repon.

NO - Not tletected.

NA . Not 61bly2ae. -

NR ^ Not rapprteC.
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Table 3-9 Analytical Results for the 116-F-6 Borehole (page 1 of 2)

tanyleNuMer 80601Y 60i0M0 8090M1 e06GM2 11090M9 96%UlLlbl CNDUCFDL

Dbym InrxvW 0.2 It 6.64.6 ft 9-11 h 16-17 It 19-211t

Inw9 m9/k9 rn9/k9 rn9/1,9 rn9/k9 rng/k9 rng/k9 mg/><9

Aluminum 6,820 5.470 4,800 5.410 4.660 15,600 200

ArseNC 1.4 1.5 1.4 1.6 1.2 8.92 10

Bertum 66.3 55.6 46.3 53.3 48.8 171 200

Beryllium 0.32 0.26 0.24 0.26 0.13 1.77 5

CalclOm-- - 3950 3.540 3,390 4,740 5.160 23.920 5-000

Ctvomium 9.4 30.2 17.1 11.3 8.4 27.9 10

Cobalt 10.3 8.4 6.3 5.9 5.5 19.6 50

Copper 13.4 26.6 12.2 12.3 10.4 28.2 25

Iron 20,800 17,200 12,800 13,000 10,400 39,160 100

Lead 35 7 2.9 2.7 2.5 14.75 3

Magnesium 4.350 4.010 3,480 3.910 3.530 8,760 5,000

Manganese 315 252 216 231 190 612 15

Mercury 0.23 0.19 NO NO NO 1.25 0.2

Nlckel 10.4 12.1 10.5 8.9 8 25.3 40

Potesslum 1,400 754 626 748 607 3.120 5.000

SYVer ND ND ND NO 0.9 2.7 10

SaAlum 162 1B2 191 216 203 1,290 5.000

Vanadium 55.5 46.4 32.3 32.7 25.5 111 50

Z91t 41.2 106 31.3 32.3 24.7 79 20

Vubele ur9riee Iq/1r9 Y9/k9 Y9/k9 Y9/k9 Y9/k9

Acetone 14 ND 11 NA 15 NR 10

Benzene NO NO 3' NA 2' NR 10

MeBrylene chloride 2' 2' ND NA NO NR 10

Toluene 6' 1' 12 NA 1' NR 10

1rd VtlarW Oprin ug/k9 u9/X9 u9/k9 u9/k9 Mg/kg /9/k9

bis(2{LhylhexyRpmhal6le NO NO ND 72' NO NR 330

DI»-butylphthal6te 110' NO 140' ND ND NR 330

IwedtlM/VC8 y9/k9 ug/k9 19/k9 u9/kg /9/k9 /9/kg

ND ND ND ND ND NR ND

Rtlenudiew pCVg pG/g pCUg pCVg pCl/g pCi/g pCi/g

grossbe[e '4 350 9J 24 22 NR NR

Potnsslum40 9.1 19 1.5 13 NR NR

CabaR-60 0.087' 33' 2 4- NO NO NR NR

StrontWm-90 NO 44 2.9 4 4 2,1 NR NR

Ceslum-137 0.36 230 20 0.16 NO NR NR
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Table 3-9 Analytical Results for the 116-F-6 Borehole (page 2 of 2)

MnyMNUnbw 9C9019 6090M0 6Ge0M1 6060M2 6090M] 96%VfL1El CRp1JCRpl

M6YN letresl 0-2 ft 6.64.6 h 941 ft 16-17 h 19-21 ft

RWwesYdwleuM'dI -pCl/9 p0/9 p0/9 pCi/g pCl/9 pCl/g pCU9

Europlum-152 0.5' 190' 16' 1.6' 0.42' NA NR

Europlum-154 NA 18 2.1 0.14 ND NR NR

Ra01um-226 0.41 1 0.39 0.49 0.39 NR NR

Thorlum-228 0.39 0.47 0.63 0.77 0.49 NR NR

Thorlum-232 0.44 NO 0.58 0.57 0.5 NR NR

Uranium-233/234 0.43 0.83 0.42 0.45 0.45 NR NR

Uren1um436 0.51 0.69 0.47 0.42 0.4 NR NR

Rutonium-236 NO 0.069 NO ND NO NA NR

RlutoMUm-2391240 NO 2.5 0.36 0.096 0.066 NR NR

Amerl0lum-241 ND 0.72 0.096 ND ND NR NR

Arllw^ mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Fluoride 0.5 0.6 0.5 0.5 0.3 12 NR

NO, NO, NO 2.76 NO ND 2.51 199 (c) NR

oN {a1 92 4_i ag qA Nf1 NR NA

SuOtle 10 10 7 9 6 1,320 NA

a - Reporte0 as stan0arr0 units.
b . 95%con6tlence Ilma of the 95th percentile of tne data Oistributlon,

c - Value for Nitrate only.

J - EsBmateO value.

ND - Not detected.
NA - Not anayze0.

NR - Not repprteo.
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Table 3-10 Analytical Results for the 116-F-9C Borehole (page 1 of 2)

6ernyN Nrnbr BGBCN6 B080N8 8081 B080N8 BOBOPo 86% CNON

DpM Inuvtnl 0-2 N 8-11 h 14.6-16.6 h 18.6-19.6 h ]3-]E h

UrLlel Chpl

Innqriw mg/hg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

AlumBtum 5.220 6.070 3,770 4.250 4.780 15.600 200

Arsenic 2 1 1.5 2.1 0.91 8.92 10

Barlum 48.1 64.7 63.3 58.8 58.2 171 200

Berylllum 0.3 0.29 0.22 0.27 0.18 1.77 5

Celclum 3.170 3,550 4.050 4.990 4.670 23.920 5.000

Chromium 7.9 12.2 8.6 10.2 13.8 27.9 10

Cobalt 6.7 8.8 7 9.1 8.6 19.6 50

Copper 13.4 15.7 13.7 18.4 13.9 28.2 25

irpr 13,7C,0_. _.-.14.800 12.200 17,100 14,600 30,160 100

Lead 3.4 2.8 1.8 2.4 2.2 14.75 3

Magnesium 3.550 3,620 2.750 3,460 3.760 8.760 5,000

Manganese 228 168 158 203 215 612 15

Nickel 8.8 10.4 6.9 9.8 9.2 25.3 40

Potassium 882 1.050 831 726 773 3,120 5.000

Sllver ND NO ND ND 1 2.7 10

SoElum 146 257 203 243 322 1,290 5,000

Vanadium 32.1 42.4 32.4 46 41.3 111 50

Zlnc 32 37 29.1 36.5 31.4 79 20

VaAIW Oryrie. ;g/k9 u9/k9 Ng/kg pg/kg rg/kg Yg/k9 Yg/k9

2-Butnnone NO ND NO NO 23 NR 10

Acetone ND 1 1 9' 12 NR 10

Methylene Chloride NO 4 3' 3' NR 10

Toluene 10' 10' 2' 2' ND NR 10

^ Vab01M Orerio u9/kg ^9/kg t9/k9 39/kg ug/1t9 M/><g

DM-0urylphthalate ND ND ND NO 74' NA 330

pw6ahWIPCB yg/kg u9/kg Ng/k9 39/k9 ug/kg pg/kg Yg/M9

alphaChlprtlane NO 4.7" 37" ND ND NR 1,7

gemmeLhlprAene ND 4.8' 51' ND NO NR 1.7

Ne^sr^i^e PCi/g oCi/g PCVg PCi/9 PCi/9 pCi/9 PCI/9

gross bete 11 52 50 43 40 NA NR

Carbou-14 - 140 -'20 ND ND NO NR NR

Potasslum-40 12 99' NR NR

Shontlum-90 ND 7 19 NR NR

Cesium-137 ND :^iD ND NO NR NR

RaOium-226 0.48 0.62 J.43 0.4 0.36 NR NR
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Table 3-10 Analytical Results for the 116-F-9C Borehole ( page 2 of 2)

awan.4 Munbw fipeplYfi 6o6oxe 6osoN7 9o6pN6 110iol0 96% Cpp{/

UpM Innrrel 0-2 h 9-11 ft 14.6-16.6 ft 1 a.6-16.6 h 23-36 It

Url, tel CIIOI

Il.deadbs leent'A1 PQ/g pCl/g PCI/g pCi/g pCi/g pCl/g pCl/g

Thorlum-228 0.83 0.64 0.62 0.49 0.38' NR NA

Thorlum-232 0.88 0.66 0.6 0.68 0.39' NR NR

Urenlum-233/234 0.58 0.38 0.29' 0.29' ND NR NR

Uranlum-238 0.53 0.39 0.46 0.36 0.31 NR NR

Mbas mgrkg mg/kg mg/kg mg/kg mg/kg mg/kg mgfkg

Fluoride 1 0.9 1.2 1 1 12 NR

NO, NO, NO 11 4.71 ND ND 199 (b) NR

SuMete 4 256 875 415 95 1,320 NR

a • 95%confldence limit of the 95th percentile of the data distrioution,

b • Value reported Is for Nttrate only.

J • Estlmated value.

NA • Not analyzed.
ND - Not datected.

NR • Not reported.

3T-I0b
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Table 3-11 Analytical Results for the 116-F-9D Test Pit (page 1 of 2)

s.n91•MUMer 909079 909479 9o9Ueo 909Oi1 96x cR01/

DpN Mt•rrrl 3uthw 9-10N 16 k 3p h

UTIRI cNCt

Inw9rios mg/kg mg/kg ^ng/kg tng/1Mg 'n9/k9 -9/kg

Alumlrnum 5.550 6.440 7,760 5,560 15,600 200

Arsenic 1.9 2.9 1.7 1.2 8.92 10

Barrlum 38 78.3 67.5 59.5 171 200

Beryllium 0.18 0.27 0.31 0.16 1.77 5

Calcium 2.840 5.240 7.190 3.260 23.920 5.000

CMomlum 10.1 25.1 12.4 9.2 27.9 10

Cobalt 6.4 10.1 7.9 7 19.6 50

Copper 15.4 32.5 15.7 13.4 28.2 25

Iron 12,900 15,900 16.100 13.300 39.160 100

Lead 3.4 14.6 5.5 3.2 14.75 3

Magnesium 3,920 3,640 4.740 3.950 8.760 5.000

Mang•nese 233 220 265 210 612 15

Mercury 0.08 0.19 0.11 0.09 1.25 0.2

Nickel 10.7 10.9 11.1 9.4 25.3 40

Potasslum 693 1,150 1,400 756 3,120 5,000

Sllver L2 7.9 1.5 14 2.7 10

Sotllum 124 161 140 127 1.290 5.000

VaneElum 31.6 38.8 34.1 32.2 111 50

Zlnc 27 246 53.4 29.6 79 20

Vo1ae4 OteMln /g/kg u9Mg rg/kg u9/kg 3 g/><9 /N/kg

4-Methyl-2-pentenone ND NO 11' NR 10

Acetone 6' S6 7' NR 10

Toluene 2' d7 19 19 NR 10

?wn: Yd•64 ^r9•^a^ - u4/k9 r9ln9 r9/k9 u9/k9 u9/k9 Yg/k9

blsl2{ihylhexy0pmhalate 340^ ND 59' 84' NR 330

DI-o-butylpnthalate 76' NO 53' 57' NR 330

PwedewVC9 99/k9 /q/kg v9/kg u9/kg V9/k9

alpheChlortlnne NO 330 76 6.1 NR 1.7

gammaLhlordane ND 200 48 4.1 NR 1.7

R•damdinn pCl/g pCi/g pCi/q pCi/g pCi/g pCi/g

gross alphe 9.6' NO 54' NO NR NR

gross beta 19 'pp 30 29 NR NR

Potassium-40 15 'l 5 13 NR NR

CobahiA ND 0.074 NO 0.055 NR NR

SbonOum-90 NO 39 '0 6.3 NR NR
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Table 3-11 Analytical Results for the 116-F-9D Test Pit (page 2 of 2)

9erMM MuMSr 909079 909079 909090 909091 99% CNGN

G9N fanrrsl 9ur/sa 9-10 it 191t 20/1

YTLICI CRpI

tYlaxe9aw town'al PCI19 PCI19 PCI/9 PCi/9 PCI/g PCI/9

Ceslum-137 ND 0.96' 0.17' 0.13' NR NR

Europlum-152 ND 0.69 ND 0.14 NA NR

Rltllum-226 0.63 0.64 0.50 0.38 NR NA

Tborlum-228 1.1' 0.75' 0.65' 0.80' NR NR

ThorWm-232 0.85' 0.66' 0.76' 0.61' NR NR

Uran1um433/234 0.48 0.72 0.55 0.38 NR NR

Uranium-238 0.45 0.64 0A4 0.37 NR NA

Plutonium-239/240 ND 0.028' ND ND NR NA

Nbe, mgNg mg/xg mg/k9 mg/M9 m9/kg m9/ft9

Fluoride 0.70 0.50 1.2 1.1 12 NR

NO, NO, 2.86 17 14.8 6.74 199 (C) NA

pH (a) 7.8 7.9 8 8.1 NR NA

SuBate 3 460 332 240 1,320 NR

a • RepOrteo as stanoaro units.

It - 95%con90ence limit of the 95th percentile of the data Oistribution.

C - Value reporteOIs for Nitrate only.

J • Estimated value.

NA - Not araly2etl.

ND • Not oeteCleC.

( f = - rapo'- .

3T-llb
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Table 3-12 Analytical Results for the 116-F-14 Borehole (page 1 of 2)

BumpN Nun4ilr 809004 808006 808006 808007 808008 808008 96% CROLI

D.yMlnurriil 0-2 h 2.6-6 it 6-7 It 10.6-13 It 18.6-18.6 It 23-24.6 ft

UtL lal CROL

Inwa•rw. mgMg mg/kg mg/kg rng/kg rng/kg rng/kg mg/Mg rng/kg

Aluminum 6.620 13,000 6,520 5.450 6,170 6,010 15,600 200

Arsenic 2 1.4 0.89 0.82 1.4 0.59 8.92 10

Barium 158 170 65.6 55.7 70.5 79.1 171 200

Beryllium 0.35 0.59 ND 0.26 0.23 NO 1.77 5

Cadmium ND NO 1.5 ND ND NO 0.66 (b) 5

Calcium 6.710 69.700 6,890 2,830 2,730 3.960 23.920 5.000

Chromium 10.8 16 124 46.4 31.2 35.3 27.9 10

Cobalt 7.9 8.3 tl 5 6.1 10.6 19.6 50

Copper 15 5 17.0 29 3 13,5 13,5 159 28.2 25

Iron - - --- - - 15,700 - 17,400 -15.000 11,500 12,000 17,400 39,160 100

Lead 5 3.4 4.5 2.5 3.5 2.6 14.75 3

Magnesium 4,110 6,570 4.620 3,960 4,310 4.820 8.760 5.000

Manganese 265 224 240 234 224 260 612 15

Mercury NO 0.22 NO 0.14 0.11 NO 1.25 0.2

Nickel 10.5 12.9 '3'.6 5.4 3 20.8 25.3 40

Potassium 1,050 1.200 375 431 619 851 3,120 5.000

Silver NO NO NO ND 0.79 NO 2.7 10

Sodium 265 703 266 15!

1

5B 424 1.290 5.000

Vanadium 4C.1 50.5 19.5 25.4 27.3 50.2 111 50

Zinc 37 4 52.9 ^7 1 39.2 79 20

Vd.G. Ory.nc. ' ^ J.•^ u9'19 v9/kg Yg/kg

2-Butanone NC NO NC NC 2' NR 10

4-MethyP2-pentanone ND ND ND NO tiD 3' NR 10

Acetone 2 - '7 ^ 46 11 NR 10

Chloroform ti7 ND w5. NC ND 91 NR 10

Methylene Chloride - _ r o- ND NR 10

Toluene - tlZ 16 NR 10

... a«ni vd•oie l. e4.^9_._ --^Olh•^ .a];k9 rd%•g u9,'x9 ug/k9 ug/kg ug/kg

bis(2-Ethylhexy0phlhalate 27 50 l.'P ., 37' NA 330

Di-n-butylonthalate ).^,C' 130' NF 330

Dlethylphthalate .- tC ... .. „ 2,600 NR 330

W^edu.^/PC0 r9:k9 r9/k9 uc,-q H9:Ka uq,k9 ug/kg u9/kg Yg/kg

• NC . . A^ ND NR NO

rwomrdie.. Crc CC:/a .'1 ,;.^ cG? PCi/g PCI/g PCUg

gross aloha VC t4 ,' vC 5_ ND NR NR
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Table 3-12 Analytical Results for the 116-F-14 Borehole (page 2 of 2)

SfimpM Nrfil 909004 9oYD06 60600e 906007 9aiaDe 9oYODY YF% cNDU

Dwdr InurrW 0-2 H 2.6-6 It 6-0 h 10.64 ] k 16.9-18.6 h 23-24.6 h

UTlls) CRDL

Ilworncudw Iwnt'dI pCi/g pC1/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g

gross beta 12 440 290 21 13 11 NR NR

Carbon-14 ND 28' 7.3' ND ND ND NR NR

Potassium-40 11 ND ND 12 9.4 15 NR NR

Cobalt-60 ND 43' 53' ND NO ND NR NR

Strontium-90 ND 16 2.6' ND ND ND NR NR

Ceslum-137 ND 6.4" 12 5.8" 2.1" 1.5' NR NR

Europium-152 1.2 940 450 ND ND ND NR NR

Europium-154 0.97' 130' 54' ND ND ND NR NR

Europium-155 NA 6.6 27 NA NA ND NP NR

Redium-226 0.5 ND ND 0.51 0.41 0.51 NR NR

Thorium-228 0.6 NO ND 0.58 0.47 0.62' NR NR

Thorium-232 0.6 ND ND 0.74 0.54 0.75' NR NR

Uranium-233/234 0.41 0.57 0.94 0.55 0.5 0.38 NR NR

Uranium-238 0.33 0.66 0.76 0.53 0.38 0.38 NR NR

PlutoNum-238 NO 0.13 0.12 NO ND 0.24' NR NR

PlNonium-239/240 ND 7 0.021' ND 0.035' NR NR

Americium-241 40 ; 61 ND ND ND NR NR

Miorr mg:k9 °,a.o p;kg ,ng;.,g mgiag m9/Mg mg/Fg

Fluoride 0.6 ; 4 004 0.6 0.5 12 NR

NO,. NO, 3.17 _ ND ND NQ ND 199 (G) NR

Sulfate 12 14 57 7 j 6 1,320 NR

a = 95%confldence limp of tne 95tn oercentue of tne oata aisviommn

b = Value reported is limn of detectlon.

c - Value for Nitrate only

J - Estimated value.

R - Value marned as reiecteo in valioatron -eco,t.

ND - Not detected.

NA - Not analyzed.

NR - Notreported.
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Table 3-13 Analogous Site Comparison for 116-F-14 (page 1 of 2)

MexWrCOersnmunox 11aL6 116-04 11aOR9 116-H-7 96%UTLIcI CROUCRDL

INOROANICS IN mg/kg mg/hg mg/kg mg/kg mg/kg mg/kg mg/kg

Arsenic - - 12.4° 47 8.92 10

Cadmium 1.5 - 1.2 - 0.66 (d) 5

Chromium 124 609' 51.6 73.4' 28.3' 27.9 10

Copper 29.3 46.8 - - 28.2 25

Lead - 564' - - 540 14.15 3

Mercury - 4.3 - - 1.25 0.2

Nickel - 37' 25.3 40

Zinc 87.4 309 83.1' 79 20

VOLA1111LF DROANIC3 Y9/k9 Mg/kg y9/k9 pg/kg 3g/kg pg/kg

2-Butanone 2' - - NR 10

4-Methyl-2-pentanone a - - - NR 10

Acetone 46 - 55' NR 10

Chloroform 9' - - - NR 10

MethyleneChloribe 4' - 16' NR 10

Toluene 92 11 49 NR 10

Trichloroeihene 6 - NR 10

fENN VOLATILE OROl1NlC5 ng/k9 l5/kg

2-Nitropheool 350' - NR 330

Anthracene - - 150' NA 330

Benzo(a)anthracene 77' - 130' - NR 330

Benzo(a)pyrene - - 110' - NR 330

Benzo(b)fiucranthene 100' 120' NR 330

Benzo(gni)perylene y5' NR 330

Benzo(k)fiuoranmene ... _ NR 330

aenzoicacitl - - 74' NR

bis(2-ethylhexyl)phthalate 200' 5.200 - NR 330

Butylbenzylphthalate - 2.2U0 NR 330

Chrysene '.LU 140' - NR 330

Diemylpmhalate 2.600 la1 - NR 330

Dl-n-butylphmalate 141l' 5 2.900 NR 330

Fluoranthene - 67' 240' - NR 330

moeno(1,2.3-ca)oyrene NR 330

Pentachloropnenoi NR 1,700

Phenol .:, NR 330

Pyrene - GJ NR 330

VE3TICIOE3/PC6 u9/k9 N9'kB A;n9 N9/kg ug/k9 Yg/k9

Arcclcr-1260 --- -- I 10' - NA 330

3T-13a
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Table 3-13 Analogous Site Comparison for 116-F-14 (page 2 of 2)

M01INII111CtNKGiMnON 116i.14 116L-6 116-04 116-DR-9 116-H-7 96%UTUcI CROUCFDL

RACIONLWUDFf OI Pci/g pCl/g pCi/g pcl/g pCl/g pCi/g pCUg

Carbon-14 28' 640' - 25.06 - NR

Potassium-W 12 - 15.8' 14.7 - NR

Colbalt-60 ..., 310 36 NR

Strontium-90 16' 770 1.9' 3.8 3.2 NR

Techuetlum-99 - - - 1.5" - NR

Cesiurn-137 12 800 9.55' 1.98 35 NR

Evrppium-152 940 1.400 260 NR

Europium-154 +10' 410 - 37 NA -

Europium-155 66 41 NH

Radium-226 '..25' NR

Tharium-228 - - 1 02 - NR

Uranium-233/234 14' - - NR -

Uranium-238 13" - - - NR -

Plutonium-238 9.4' NR -

Plutonium-239/2W 5.1 "90" - 1.3 NR -

AmeliCaum-241 i4 - - NR

a - Inorganic values were screened against Manford Site oachgrouna 95% l1Ti.. Region X excluded elements

b - Only radionuclides greater tM1an 1 pCi/g were reported,

c • 95%confitlence limit of the 95m percennie of the data bistnbuuon.

d - Value reported is limit of detectipn.

J • Value is estimated, concentranon iess than ccnvan repwreo iimrt.

R - Value markeb as rejected in valldatldn repcrt

- Not detecteC.

NR - Not reported.

Analogous site data taken trom assocnate LFi reports. -0OE-RL'993o'.. 'DOE-RL ^993c1. iDOERL 199307.
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Table 3-14 Analytical Results for the 108-F French Drain ( page 1 of 2)

S.M. NumMr 8G60R< BC80R6 S6% CRDU

DcYN IntnaY 01 It 3.6<.6 h

UTLW CRDL

Inorp^NC^ mg/kg mg/kg mg/kg mg/kg

Aluminum 4,280 6.110 15.600 200

Antimony 3.7' 3.9' 15.7 (b) 60

Arsenic 6.2 4 8.92 10

Barium 64.7 37.8 171 200

Beryllium 0.12 0.18 1.77 5

Calcium 1.550 2.160 23.920 5.000

Chromium 164 99.3 279 10

Cobalt 4.7 7 1 19.6 50

Copper 73.8 39.1 28.2 25

Iron 17,700' 20.500' 39.160 100

Lead 73.2 74.6 14.75 3

Magnesium 2.210 3,740 8.760 5.000

Manganese 116 195 612 15

Mercury 0.48 J 09 1.25 0.2

Nickel 17 ? 21.3 25.3 40

Potasswm 996 1 160 3,120 5,000

Selenwm 0.78 NO 5(n^ 5

Sodium :30 171 1 .290 5.000

Vanaowm 272 44.2 m 50

Zinc 79.7 '29 79 20

Vantlboro-c. u^dg uyI 9 No/kg

Talaene =tli1 NH 10

SFtl Vdial. Or"nc. Y9/kg Yg/Mg 39/kg Yg/kg

Benm(a)antnracene ND 52' NR 330

bls(2-Etny1hevyppntnalate :.100' `.d0' NR 330

Fluorantnene VO 45 NR 330

Pyrene NF 330

VinaGM./PCB Yy/kg 3 Q.h9 Y9/Mg Yg/hg

Arocior-1254 .oCO" 240 NR 33

3raaor^ '2V S,r w^ 33

ReOOn^cetle^ . . _.J .;rq P^lry

yr05s3pn.] ^ ._ M1R NR

3rossoms . NH NR

Potssswni.wj NF NR

Cesium-1i1 74 NH NR
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Table 3-14 Analytical Results for the 108-F French Drain (page 2 of 2)

SanyrrNumMr 6060R4 6080R6 96% CROL/

D.Ytb IntnvY 0.1 It 3.6A.6 It

UTL lei CRDL

RdorxJim@ IconYel pCi/g pCi/g pCi/g pG/g

iGpiu^ii15"< 0.12 ND NR Sn

Ratlium-226 0.41 0.42 NR NR

Thorlum-226 C55' 0-91' NR hR

Thotium-232 0.50' 0.75' NR NR

Urenium-233/234 0.46 045 NR NR

Uranium23B 0.47 U42 Nu NR

Plutonmm-230 220' 66' NR \R

Plu[onium-239/240 34 11 NR NR

AmericmmQ41 13 1.2 NR NR

Arioro mg/kg mg/kg mg/kg mgrkg

Fluotide 0 60 J.40 12 AR

Ni NO, 323 d5 199 Icl NR

sulfate 'S0 47 t,320 NR

a = 95%cpnfidence limit of the 95ih perrennle of the data uistrmu0on.

to = ValUe reporled is limit of JetecUon

c Value for Nitrate only

J = Estimated value.

R = Value marked as relectea m validauon report

NA = Not analyzed.

ND • Not detecte0.

NR = Not reporteb
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Table 3-15 Analogous Site Comparison for 116-F-8

NIAIWWCUrMEFiNTpe 116-0R4 1160-6 96%UTLIbI CRGL/CRDL

VOLATIIE ORGANICS yg/kg yg/kg u9/kg
.._.........

ug/kg

Trichloroethene - 5 NR 10

SEMI VOLATILE ORGANICS eg/kg ug/kg Ng/kg yg/kg

bls(2-Ethylhekyl)phthatate 5,500 NR 330

Butylbenzylpmhelate 2,100 NR 330

Di-n-butylphthalate 1,900' - NR 330

VESTICiDES/PCB V9/k9 Yg/k9 N9/kg

Dieltlnn 2.1' ' NR 3.3

RADIONUCUDES lel pCi/g pCl/g pCi/g pCi/g

Potesswm<0 13.5' 12' NR

7^ne

radionuclides greater man 1 pCi/g were reported.

conhtlence limn of the 95th perrennle of ine data tlis[nbuuon

e ie50maed, concentratlon less than contract repuireb detectipn limit.

deeaedepaneddata

laken from associate LFI repons, (DOE-RL 1993b), (DOE-RL 1993c). (DOE-RL 1993d).
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Table 3-16 Analytical Results for the 132-F-1 Test Pit (page 1 of 3)

Srnpb NumWr 80]301 B07202 507203 807]04 98% CX04

- - •r.:pa Ouniicatr Split filenk

UTL lal CNDL

Inorpann mg/kg mg/kg ng/kg mg/kg mg/kg mg/kg

Aluminum 5,020 5.070 2,820 NR 15,600 200

Arsenic 2.7' NO 0.77 NR 8.92 10

Barium 35.1 39.5 23.6 NR 171 200

Berythum NO ND 0.35 NR 1.77 5

Calcium 5.520 5.780 4,490 NR 23,920 5.000

Chromium 8.2 8.7 5.5 NR 27.9 10

Cobalt 6 6.2 5.4 NR 19.6 50

Copper 12.8 12.3 10.4 NR 28.2 25

Iron 12,200 12.200 7 .450 NR 39,160 100

Lead 3.6 4' 2.5' NR 14.75 3

Magneswm 7,680 3,720 2.180 NR 8.760 5,000

Manganese 221 240 154 NR 612 15

Nickel 9 9.2 6 NR 25.3 40

Potassium 616 576 494 NR 3,120 5,000

Selenium 2.1 .. M1H 5(01

Sodium 172 NR 1,290 5.000

Vanaoium 29.4 25.6 144 NR 111 50

Zinc 30.3' 32 , '99 NR 79 20

VdaObOry.c. y9/k9 Y9/kg Y9/k9 Y9/kg Mg/kg pg/kg

2-Butanone 4- NL NO NR 10

4-Metn0i'Z-oentanonu . ND NR 10

ucetone vG . . nC NR ^.0

Methylene Chloride ^D - 17 4- NR 10

SamiVdari4Orwdca w}'ag w9i^g u9/kg ug/kg Ng/kg

Benzo(a)aotnracene 44' 79 ND NR NR 330

Benxo(a)pyrene ND . ND NR NR 330

Ben3o(n)@uorantrteae . .. 40. `:C 330

Benzoie)nuoranmene NO . .. NR NA 330

"2zy:1 "•aia - - - - , - 3.0 NF NR 330

Chrysene a8- ^D NR NR 330

Fluoraninene . ' ,.. . N5 33C

Phenantnrene .. %H NR 3-10

Pyrene NR NR 330

^ Pe^tidMUPCB ^ MWkg ug;kg Yg/k9 Yg/Mg ^

gamma-CMoroane _ qA NR ^ 1 ,
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Table 3-16 Analytical Results for the 132-F-I Test Pit (page 2 of 3)

S.M. N^ B07201 B07202 807203 8C1204 96% CROU

OppUN InYrrN S^myb puplicpt^ 5411t Blpnk

UTL Ipl CRDL

RtlonuneN pCi/9 PCi/9 vC1/9 :CG/9 pG/9 PCI/9

grossalpha 1.8" 3.6" 4.2" NR NR NR

grossbete 12' 19 35' NR NR NR

Berylllum-7 NO ND 0.3" NR NR NR

Carbon-14 ND ND -0.27' NR NR NR

Potassum-40 9.4 13 13" NR NR NR

Manganese-54 ND ND 0.02" ^R NR NR

Cobafi-58 ND ND 0.03' NR NR NR

Iron-59 ND ND 0.09' NR NR NR

Cobalt-60 ND ND NR NR

Zinc-65 ND ND UL7" ^R NR NR

Strontium-90 ND ND 0.024' NR NR NR

Zlrcomum-95 NO ND 0.04' NR NR NR

Ruttlenlum-103 ND NO 0.04' NR NR NR

Rutttemum-106 ND ND 0,2' NF NR NR

IriCium-131 ND ND 06' N R NR NR

Cesium-134 ND ND 0.03" NR NR NR

Cesium-137 ND ND 0.02' NR NR NR

Barlum-140 ND ND 0.2' NR NR NR

Cerium-141 ND ND 0.07' NR NR NA

Cenum-14< ND NC 0 .2' '.R NR NR

>
euroo,om-ii2 - ., . -..,- . NH NR

Europium-154 NR NR

Europium-t55 VC yC NR NR

RaOium-226 0.36 44 J.50' \H NR NR

Thormm-228 0.61 05] OJ99" VP NR NR

Thonum-232 J 57 aa2 VG .. NR NR

Thcrwm-234 ND ND NR NR

Uranmm-233/234 0-73" Oo5' NC "R NR NR

Uraowm-235 ,1.uJtC' NF NR NR

Uramum-236 J2t' ,2' ,H NR NR

Plutoowm-238 NR NH

Plutpnwm-239/240 UJUS' NR NA

ANOm m0/MO :qing I ;.n.^ ^.n9 mg/k9 m9/k9

Fluoritle ND 4 24 ^R 12 NR

NO, NO, ' ,NR NR NH 199 (C) NR

3T-16b
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Table 3-16 Analytical Results for the 132-F-I Test Pit (page 3 of 3)

- arnpe Avnbo 605201 Bo]za2 eo]zp3 eo]zoa B6% CRDu

UlL bl CROL

DeGtb Imnra Semyli Dupi<eu SGIt 81eNr

ANom IconCel mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Sulfate 0.51 34 33 NF 5B0 NR

a + 95% confiaence umit of the 95tn percentile of the data Ois« ipubon.

b + Velue reported is limit of

c - Velue reponetl is for Nitrate oniy.
J + Estimated vaWe.

R - Value marked as relectetl in vautlatian report.

NBi anaiyzed.

ND Not oetectetl.:
II NR Not reportetl.
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Dascripliun Citation Pl&A• . Requirements Remark

^^^Atouric Energy Act of 11954, 42 U.S.C. 2011 Authorizes DOE to set standards and restrictions governing
as amended et seq. familities used for research, development, and utilization of atomic

energy.

Radialion Prule.Gun 40 CFR Pan 191 Establishes standards for nunagement and disposal of high-level
Standalds and Innsuranic waste and spent nuclear fuel.

SlaudaiJ. fn all c'FK § 191.1)3 A Rcquires that management and storage of spent nuclear fuel or Applicable to wastes disposed of a0er
Maoagcmem .,,,it high-levd or Iransurani: radioactive wastes at all facilities for the November 19, 1985.
St,v+ge disposal of such fuel or waste that are operated by the DOE and

that are not regulated by the Commission or Agreement Slates

shall be conducted in such s manner as to provide reasunable
a:surznce that the combined annual dose equivalent to any

member of the puhlic in the gencral environmenl resulling from
discharges uf radioactive malerial and direct radiation from such

nianagemenl and storage shall not exceed 25 millirems to the
vhole body and 75 millirems to any critical organ.

Nudwl R.puhw,p 10 CFR No 211

Cummosinu StandaNs

I.x Rr4eeliun Agalnsl

IN'Jdlnn.lll

Radialiom Dosa 10 CFR R&A Sets specific radiation doses. levels, and concentrations f u May be relevant and appropriate. as
Standards §§20.101- ratricted and unrestricted areze. radioactive materials in the 100 Area can

20_105 contribute radiation duses.levels, and

concentrations which could exceed the

limits: however, Hanford is not an

NRC-licensed facility.
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C.

Descriptiun Citation R&A• Rdyluirements Remarks

Safe Drinkiug Water Act 42 U.S.C. 300f Creates a comprehensive national framework to ensure the quality
el seq. and safety of drinking water.

Nzli.imd pilnr.uy 40 CFR Part 141 R&A Eslablishes maximum comam.inxnl levels ( MCL) and maximum Applicable to public water syslCms.
Drinking Walcr cunmminam level goals (MC4..G) for organic. inorganic, and Potential chemicals and radionuclides of
Rcgulatinns radioactive constituents. The MCL for combined mdium-226 and coneem may migrate to the drinking water

mdium-228 if. 5 pCi/L. The NCL for gross alpha particle activity supply as a result of remedial activities.
(in:luding raclium-226 but excluding radon and uranium) is Although federal MCLGs are not
I S hCi/L. The average annu'ad cunccntralion of beta particle and enGlrceable standards. they are potential
photon radioactivity from maiamade radionuclides in drinking ARARs under the Washington State Model
walcr shall not produce an annual dose equivalent to total body or Toxics Control Act when more stringent
an\ iulemal wgan in excess uf 4 nlillirem/year. than other standards. See state ARARs.

Nali.m:d Sa,mJaq 40 C FR Pan 143 K.iA l'tiunols coniaminams in drir.king aater that primarily affecl the Although federal secondary drinking water
Driul.ing \4nta eahclic qualities relating lo Ilhe public acceptance of drinking standards are not enforceable. they are
Hcgulalinu> ua potenlial ARARs under the Washington

State Model Toxics Control Act when

more stringent than olherstandards See

stale ARARs.

SuliA \\a^hIli^lro^ul Ar l. 42 U S C 69111 L^r.ibluhes the haxic franrwank hor feder:d rzgulaliun of solid and
an aunudrvl hy Ihr el ^cq h:vmJ"ms wasl..

Nr•,uula r lbn..... . 0n aud

Hrco.rl-} Act(IK H,y

G:,uud,:.icr 40 CFR §264.92 A A Ia.11i15 sholl not cunlanlinula the uppennusl aquifar underl)5ng Gruundwater concenlraliun limils in this
I'u,le:u,in IWAC 173-3113A Ihi \\asli nlanagemenl area heyUnd the point of compliance. section do not exceed 40 CFR 141. exccpt
Slandards 451' whr.h is a vunical surface locmed at the hydraulically for chromium which has a limit of 50

d,,cngrudienrlimil of the wasle managtmanl area that extends pg/L,

d..r. u intu the uppermost aquifar underlying the regulated area.
The concentration of certain .:hemicals shall not exceed
ba:Agruund levels. certain speeiBed maximum cnncentralions. or
011 illtile concenlralionlimils. whichever is higher.

Adminislrative Code 173-303.

a'These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington
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Descripiiun Citatiun Rl9cA• Requirements Remarks

Urartium Mill Tailings Public Law

Radiatimi Contrnl Act of 95-604, as

1978 amended

Siandaids lia llrnnium 40 CE-R 192 Estahlishes standards for control, cleanup. and management of
and Thorium 61ill radiuaciive materials from inactive uranium processing sites.
Tailings

I

Laud Cl.:zmq, 90 CFR R&A Rcqwrcs rcmcdial actions lo provide reasonable assurance that. as May be relevant and appropriate. as any
Sizndxrds §§ 192.10 msuh uf residual radioactive materials from any designated radium-226 encountered during remediation

192.1 2 pro.cssing sita. 'the conceniration of radium-226 in land averaged did not result from uranium processing.
ucer any area of 100 square meters shall not exceed the
ba.kgruund levia by more than 5 pCi/g. averaged over the lirst 15

:n. of soil beloiv the surface, and 15 pCi/g, averaged over
IS.;mthick layers of soil more than 15 cm helow the surfacc. In

any hahitable building, a reasonable effort shall he made during
mm.dialiun to xlchieve an annual average ( or equivalent) radon

dccay product concentration (including background) not to exceed

1) 02 Working Level (WL). In any case. the radon decay product

-1ncamratiun ( iPcluding ba.kground) shall not exceed 0.03 WL

and ihc level of gamma radiation shall not exceed the haekgmund

I:vcI he muic than 20 nucronxnlegeroper hour

Iniplcmrnwuuu 40 C FR RXA Rcquires that when radionuclides other than radium-226 and is May be relevant and appropriate, as any
§§ 1921(1 de ay produas are present in sufficient quanlity and concentration radium-226 encountered during remediation
19213 in .unsiitme a signiGcant radiation hazard from residual did not result from uranium prncessing.

iadioactive matcrials. remedial action shall reduce other residual

iadioaaivity to levds as low as reasonably achievable (ALARA).

•NOTE'. A = Applicable. R&A = Relevant and Appropriate

H
Q

^
ro
0

J7 ^
C C^

^ ma
7

O (^
aq S

^
N

~ ^•O

^

.. j

[D

[D f^

7
=i O

rp
00 ^
rD

W F^

W p

a

,a
R
4
O
^
^t

d
^

D`O
W
N



a
P>

Descriplion Cilailion

Al

R&A• Requirements Rermarks
^JJI

Model Toxics Control Act 70.105D RCW Requires remedial actions to attain a degree of
(MTCA) cleanup protective of human health and the

environment.

['laanupR".ulatinna WAC 173340 Establishescleannplevelsandprescnbesmethodstn

calculate cleanup levels for soils. groundwater.

surface waler. and air.

Gi„uuJ..a^.r ('leuuup WAC A Requires that wheux Ihe groundwamr is a pnlanial Federal maxjmum contaminant level goals
Slandaid. 17334(1-72I) source o( drinAing water. cleanup levels under for drinking waler (40 CFR Pan 141) and

Method B musl be at least as slringenr as federal secondary drinking water regulation

concentrations esrablished under applicable state and standards ( 40 CFR Pan 143) are potential

federal laws. induding the ILllowing: ARARs under MTCA when they are more

stringent than other standards. Method B

(A) Maximum comaminzm levels established onder cleanup levels are levels applicable to

the Safe Drinking Warer Act and published in 40 remediation at Hanford unless a

CFR 141. as amended: demonstration can be made that method C

(alternate cleanup levels) is valid.

(B) Maximum cunlantin:nn level goals fur

noncarcinogen.cstablished underthe Safe Drinking

Water Act and published in 40 CFR 141. as

am.nded:

(C) Secondapmaximum cuWaminam levels

cslablished under the Safe Drinking Water Act and

published in 40 CFR 143. as amended: and

(D) Maxintunt contaminant levels established by the

state board of health and puhlished in Chapter 248-54

WAC, as amended. .
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Dcxripliun Cilatiun R&A• Requirements Remarks

Soil Cleanup Standards WAC A MTCA Method IB concentration limits in milligrams
173-340-740 ptr kilugra m!or potential contaminants in soils,

sediments, and sludges are:

B.arium 5.600

Cadmium 40

Chromium (111) 80.000

Chromium (VI) 400

Copper 3.200
Manganes; 400

Mercury 24

Silver 400
Yinc 24.000

Accnune 8,000
Bcmmne 34.5

Cadlun disulGde 8.000

Mclhyl ethiyl kelmle 48.000

Mathylisohutyllsetunc 4.000

Nelhylena.hlurida 133

Tolucne , 16.000

A.nlhracene 24.000

Benzo(a)amhraccne 0.137

Bauo(h)nuoranlhene 0.137

Heluo(k)Ouoranlhene 0.137

Bencoic acid 320.000

Beozyl alcohol 24.000

Ois(2-elhylhcxyl)phlhalale 71A

C'hrysene 0.137

Di-n-butylphihalam 8.000

Cliclhyl phnhalxle 64.000
Fluoramhenc 3.200

M-nitrosodiphen)lamine 204

Pentachlurnphcnul 8.33

Pyrene 2400
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[ Descripiion Citation R.iA• Requirements Remarks

Waslsington State DeparYment RCW 43.70
of Ile:dth

Radianou Pioicaiun - Air WAC 246247 Establishes procedures for monitoring, conrrol, and
Gmisiom reporting of airborne radionuclide emissions.

Nau und plodiGcd WA(' 246-?47 A Requires the use of best available radionuclide
S„m.cs 0711 contral iechnoiog) (BAR(7).

Hadiail„n Pnnc.uoo WAC 246 -221 Establi::hee standzrds for ProtecCion against radiation
Siandmds haazards.

Radiaiion dosc io WAC 246-221 A Specifies dose limits to individuals in restricted areas
individuals in restricted 010 for hands and wrisls. ankles and feet of 18.75
arans rem/quancr and for skin of 7.5 rem/quaner.
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Description Citation Requirem^ents Remarks

Model Toxics Control Act 70.105D RCW

Cleanup Regulations WAC 173-340 The State Department of Ecology is currently adapling the

calculations in MTCA to be applicable to radioactive

contaminants. These cleanup standards may become

available prior to or during remediation.

&did Waste Disposal Act, as 42 (SC 6901 er ^

anrended b^ RCRA aq
i

Crnenn thr Classdication nl 40 CFR §257 3-4 A Iir, duy or practice shall noa coJtaminate an underground The courts or the state may estzblish alternate
Solid Wa,rc Disposal d,inkmg waler source beyond the solid waste boundary. boundaries.
Faciliiies and P,aaices

Cnrrenis: Action for Solid 40 CFR 264 E>tAblllshaa requirements for investigation and corrective

N'a,i. C`lanng.mem llnhs Suhpan 5, prapuxd a.uou Ilu releases of hazardous aste from solid waste

maun<<netnl units.

L.S. Deputmem of F:nergp i

Ordure

RaJlnu.-„ R.nc.wm of he DOL 5400 5 6rtabL>hca radiation protection standards for the public and
I'ubht and the 6rvirunmenl urvliomnlam

Rndiuoo-n Dor: I out (AII DoL 5400.5- lh: <,p.„ma it the publi. lo radiaGun sourcc, as a Peninent if rnledial acrivities are 'nmtinc DOE

I;uh,na Chapl.r II. on,equcn:<uf all routine DOE activities shall not cause, in activities.'

Sectiun Iz n scai. an <ffecrive dose equivalent greater than 100 mrem

Gom all c,posure pmhwnys. ezcc;pt under specitled

n.nmsianres.

Radianom Dose Limit DOE 5400.5. Prov,das a level of protection Ibr persons consuming waler Peninenl if radionuclides may be released
IDiinAmg Walu Pathway) Chapter 11. frum a public drinking water supply operated by DOE so that during remediation.

Section Id persons consuming water from the supply shall not receive

an elfecrive dose equivalenl greater than 4 mrem per year.

Cnmbined radium-226 and radium-228 shall not exceed 5 x
10`pCi/mL and gross alpha activity (including radium-226

but excluding radon and uranium) shall not exceed 1.5 x 10r
pCti mL.
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I/r-uripfion Citafiun Rtquircwents Rrwrarks

Residual Rndionuclides in Soil DOE 5400.5 Generic guidelines for radium-226 and radium-228 are: Residual concentrations of radioactive material
Chapmr IV in soil are defined as those in excess of
Section aa • 5 pCilg averaged over the 6rsi 15 em of soil below background concentrations averaged over an

the surface; and area of 100 m'.

is 15 pCi/g averaged over 15-cnt-thick layers of soil

more than 15 cm bebw the surface

tiuidelines for residual concentrxtiuns of uther radiovuclides

nmst be derived from the basic dose limits by means of an

<uvironmental pathway analysis using specific propeny data
whcre available. Pra:edures for these deviations are given in

A hfanual for Implementing Residual Radioactive Material
Guidelines' (DOE/CH-8901) Procedures for determination
of'hot spots,"hot-spot cleanup limits." and residual -
.nncennaiionguidelines for mixtures are in DOE/CH$901.
Residual radoaciive materials above the guidelines must be
cuntrolled to the required levels in 5400.5. Chapter II and

Chapter IV.
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Description Citation Al Requirements Remarks
R&A•

Archacnlogical mid ifistorical 16 U.S.C. 469 A Requires action to recover and preserve artifacts in Applicable when remedial action threatens
Preservation Act of 1974 areas where activity may cause irreparable hann, loss. significant scientific, prehistorical, historical,

or destruclion of signif.icanl anifacls. or archaeological data.

Elsdangered Spacies Act of 1973 16 U.SC. 1531 et Prohibits federal agencies from jeopardizing Ihreatened
seq. or endangered species or adversely modifying habitats

essential to their survival.

fu6 and WilJlife Scrvi.cs SO CER Pans 17. A Requires identillcalion of activities that may ati'en Requires consultation with the Fish and
fnl of Endangerod and 222. 225. 226. listed species. Anions musl not threaten the continued Wildlife Service to determine if threatened or
l llrcalcncd WiIJIiR and 227. 402. 424 existence of a listed spccies or destroy critical habilar endangered species could be impacted by
Plinl activity.

Ilisturic Sites, Buildiugs. said I6 USC 461 A Establishes requiremenls for preservaGonof hislon.
Antiquitin Ar1 sites, buildings. or objects of national significance

Undesirable impaas to such resources musl be

mitigated.

H'ild and Scenic Ricers Act 16 USC 1271 A Pruhibils federal agencies from recommending The Hanford Reach of the Colum6ia River is

authorization of any water resource project that would undcr study for inclusion as a wild and scenic
have a direct and adverse effect on the values for river.
which a river was designated as a wild and scenic river
or included as a study area.

•NOTE: A= Applicable. R&A = Relevanl and Appropriate
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Description Citatiun

Ilabitat Ebdfer Zone for 13:dd RCW 77.12.655

Pagle Rulrs

Ruld I^ufle PRoicdlion Rulee WAC 232-12-292

Al

R,Y A' Requirements Remarks

Rrgulatin:g tbe Iaking or RCW 77.12 U411

Puyro}nrg of I:amc

FnJmiycrcJ.Thmmened.or WAC 232-12297

Scnsili^c WilJlifc Speciee

ClaseiGcutum

A Prescribes action io protect bald eagle habitat,

such as neging or nxut sites. through the

JevAopmenl of a site management plan.

A Prescribes action to protect wilJlife dassifred as

endangered. threatened, or sensitive. through

development of a site management plan.

Applicable if the areas of remedial activities

includes bald eagle habitat.

Applicable if wildlife classified as

endangered, threatened. or sensitive are

present in areas impacted by remedial

activities.

`Nl1TE A= Applicable. R&A = Relevant and Appropriate
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Description Citation Requirements Remarks

Floodplains/Wetlands 10 CFR Pan 1022 Requires federal agencies to avoid, to the extent possible. Pertinent if remedial activities take place in a

Envinrnmental Review adverse effects associated with the development of a floodplain or wetlands.

Ou„dplain or the destruction or loss of wetlands.

Prulcctiun and Executive Order Pruvides direction to federal agencies to prcserve, r<store. Penains to sites, structures, and objects of

Enhancement ot the 11593 and maintain cultural resources. historical. archeological, or architectural

Cultural Environment significance.

Ilanl,rcd Reaeh Study An PL IfN660S Pruvides lirc a comprehensive river conservation study This law was enacted November 4. 1988.

Pwhihiis the construction of any dam. channel, or

navigatiun project by a federal agency for 8 years afler

euaamem. New federal and non-federal projects and

aaivities are required. to the extent practicable, to minimice

dirca and adverse effects on the values for which the river

is under study and to utilize existing structures

H
W
c
A

N

ro0
^

r0
n

O

In
^
^
n_

f^

^

n
O

^

â
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DOE/RL-93%^^^
Draft A

4.0 SUMMARY AND CONCLUSIONS OF THE QUALITATIVE RISK ASSESSMENT

This section provides a summary of the methods and results of the QRA that was
- performed forthe high=priority waste sites in the 100-FR-1 Operable Unit. Complete results

and methodology used for the QRA are provided in the QRA of the 100-FR-1 Source
Operable Unit (WHC 1993).

Data used for this 100-FR-1 QRA are from historical information and recent LFI
sampling. The data are evaluated using the Hanford Site Risk Assessment Methodology
(DOE-RL 1994a) as guidance. The maximum detected representative constituent
concentrations in the top 15 ft of the soil are compared to Hanford Site Soil Background
(DOE-RL 1993a). Constituent concentrations greater than background (inorganic only) are
compared to risk-based benchmark concentrations. For both the human health and ecological
evaluations, maximum constituent concentrations exceeding either of these criteria are
retained for further evaluation.

The 100-FR-1 Onerable Unit ORA presents a oualitative evaluation of human health
and ecologic risks associated with the high priority and nonprioritized waste sites included in
the 100-FR-1 Operable Unit. The human health QRA evaluates two exposure scenarios (i.e.,
frequent- and occasional-use) over four exposure pathways (i.e., soil ingestion, fugitive dust
inhalation, inhalation of volatile organics, and external radiation exposure). The ecologic

QRA estimates risks to a selected ecological receptor, the Great Basin pocket mouse. The
use of these scenarios and pathways was agreed to by the 100 Area Tri-Party unit managers
(December 21, 1992 and February 8, 1993). The reductions in human health risks from
delaying the onset of human exposures to the year 2018 (i.e., decreasing radionuclide COPC
soil concentrations through radioactive decay) and from external radiation shielding effects
provided by clean-fill soil cover are also estimated. This QRA is not intended to replace or
be a substitute for a baseline risk assessment.

This QRA includes conservative assumptions which simplify the risk characterization
process, resulting in qualified estimates of risks and hazards to human health. The use of the
numerical risk and hazard estimates in the 100-FR-1 Operable Unit QRA should be limited to

__Fnmparison& withgRA_forother operable units evaluated using the same methodology
(DOE-RL 1994a).

4.1 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The 100-FR-1 Operable Unit human health QRA provides estimates of risks that
occur under frequent-use or occasional-use scenarios based on the best available knowledge
of current waste site conditions. Because neither of these exposure scenarios currently occur,
risks that might occur for humans under frequent- and occasional-use were included to
provide an upper and lower bound estimate of risk to a reasonable maximum exposure
individual.
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4.1.1 Results of the Human Health QRA

Table 4-1 and Figure 4-1 summarize the results of the 100-FR-1 Operable Unit human

health risk characterization of waste sites. Nine of the fourteen waste sites for which there

are soil analysis data are considered to have "high" human health risks in the frequent-use

s^Pnario. -As-suchr these-site.s-should continue on the IRM path.

The external radiation exposure pathway is shown to be the primary risk-contributing

pathway at all of the evaluated waste sites. No separate figure is produced for the external

radiation pathway as it so overwhelms the other two pathways. The total human health risk is

the external exposure risk. Consequently, radionuclide COPC that are external radiation

exposure hazards (cobalt-60, cesium-137, europium-152, and europium-154) are considered

theprimary risk-contributing COPC. Chemicals (arsenic, chromium, PCB) and radionuclide

COPC that represent internal radiation hazards (tritium, carbon-14, strontium-90, etc.)

represent insignificant human health risks in comparison to the primary risk-contributing

COPC. Figure 4-1 also demonstrates that the inhalation, and ingestion exposure pathways

represent much lower human health risks than does the external radiation pathway at the

100-FR-1 Operable Unit waste sites.

The potential decreases in human health risks from delaying the onset of human

frequent-;:se scer:ario-exposures-to-the-year 20-18 araxhownin-Figure 4-2. A reduction of

one qualitative risk category (i.e., "high" risk reduced to the "medium" risk category) is

anticipated at five of the fourteen evaluated waste sites under the frequent-use scenario. This

reduction in risk can be primarily attributed to the radioactive decay of cobalt-60,

cesium-137, europium-152, and europium-154.

4.1.2 Summary of Key Uncertainties in the Human Health Risk Assessment

The human health risks presented in this QRA are conditional estimates that reflect

multiple assumptions and related uncertainties. This section discusses the sources of

uncertainty that were considered to have the greatest influence on the conclusions of the

100-FR-1 Operable Unit QRA.

The use of maximum soil concentrations of all COPC from the surface to a depth of

4.6 m(15 ft) as the exposure point concentration ignores the spatial distributions of surface

and- subterranean--COPC-concentrations thai-exist-at all-waste-sites. Because the maximum

concentrations are assumed to be ubiquitous and readily accessible to potential human

receptors, this source of uncertainty results in over estimation of the exposure intakes, and

corresponding health risks, from all COPC detected at each waste site.

Exposure estimates for hypothetical human receptors include an extrapolation of

external radiation field properties and air COPC particulate concentrations from soil COPC

-coneentratlonS. Dire^t ^°'s"* ^ P^rc S' ^h as those provided by external radiation

dosimeters, are expected to significantlyyreduce this source of uncertainty in the 100-FR-1

Operable Unit QRA.
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The assumption of a homogenous distribution of the maximum soil concentration of
each radionuclide COPC ("infinite source" geometry) is used to evaluate individual external
radiation exposure risks. Uncertainty is introduced into the QRA because this assumption

ignores the differences in radiation intensity provided for any other distribution of
radionuclide COPC in soil, and results in an over estimation of the external radiation
exposure risks. Because the external radiation exposure pathway was found to be the primary
risk-contributing pathway at all evaluated waste sites, this source of uncertainty is expected
to significantly impact the 100-FR-1 Operable Unit QRA.

Table 4-2 summarizes the qualitative risk evaluation of waste sites that have no soil

analysis data. Historical information and risk estimates from analogous sites were used to

estimate the qualitative risk category for such sites. The accuracy of the estimated qualitative

risk category is highly dependent on the appropriateness of the selected analogous waste site.

This major source of uncertainty can be reduced as site-specific data become available for

these waste sites.

4.2 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

- - -^2.1- Results of €he--....ulogica-l-Ev; luation

A qualitative ecological evaluation was completed for radiological constituents for the
100-FR-1 Operable Unit. The findings are:

• Historical data indicate that 116-F-4 Pluto Crib exceeds the EHQ (Table 4-3)
at the surface 0-1.8 m(0-6 ft) soil profile as well as the total the 0-4.6 m
(0-15 ft) depth, although it is recognized that the Pluto Crib was excavated in
1993.

• Eight sites (Table 4-4) exceed the wildlife NOEL (EHQ > 1) for one or more

nonradiological contaminants. These sites include: the 108 French Drain, the

116-F-1 Lewis Canal, the 116-F-2 Basin Overflow, the 116-F-3 Fuel Storage
Basin Trench, the 116-F-4 Pluto Crib (historical data), the 116-F-6 Liquid
Waste Disposal Trench, the 116-F-9 Animal Waste Leach Trench, and the

116-F-14 Retention Basin.

The estim?tion ofsigniftcant EHQfar-radionuclides within-1,8_m-(6 ft)-of the soil

surface, indicates that radionuclides at 116-F-4 Pluto Crib are available for uptake by plants
and can be biologically transported to the pocket mouse. Radionuclides at the 116-F-9
Animal Leach Trench, however, did not exceed the EHQ of 1 rad/day (0.8 rad/day) within
the 4.6 m (15 ft) of soil. The top 1.8 m (6 ft) of soil was three orders of magnitude less
than the total 4.6 m(15 ft) soil profile. This result indicates that there is less of a hazard for
biotransport of contaminants to the pocket mouse. For sites where the total radiological
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EHQ dose is > 1, strontium-90 is the primary dose contributor. Table 4-5 provides a
comparison of the contaminants, which exceed an EHQ of one, for the individual waste sites.

4.2.2 Summary of Key Uncertainties in the Ecological Evaluation

- The t:ncertainty in ca^ntam-inant-conce.n.tmtio.^.s for the ecological evaluation is related
to the accuracy of the data. Uncertainty exists in both the contaminants identified and the
exposure concentrations. As for the human health assessment, the maximum observed
contaminant concentration is used for the evaluation, and this provides a measure of
conservativism to the pocket mouse dose model. However, if this number is not realistic, no
amount of modeling will overcome this deficiency.

The QRA models the potential exposure of pocket mice suspected to be present in or
near the waste site. The issues of concern with regard to ecological risk assessment
(particularly qualitative) are uncertainties in using an assortment of environmental variables
in risk modeling. Site-specific organisms (e.g., pocket mouse), are identified as being
associated with the site, but little, if any, data may exist concerning transfer of contaminants
from site-specific organisms. Often, it is necessary to use biological trophic transfer
information for related species. The pocket mouse dose model includes a number of factors
which are represented in the literature by a range of values, and each contribute to the
overall uncertainty. These include factors such as the soil-to-plant contaminant transfer
coefficients, the mouse feeding rate, the average pocket mouse body weight, radionuclide
biological decay, and radionuclide assimilation factors.

Because uncertainty exists within the dose modeling, the pocket mouse dose model for
this QRA builds certain conservatism into the dose estimates. For example, the maximum
observed contaminant concentration is used. The exposure scenario assumes uniform soil
contamination of the maximum concentration within waste sites and total contamination of
mouse foodstuffs. No provision is made for dilution of contaminated foodstuff by
noncontaminated foodstuff. The model assumes that the plant roots contact the contaminant
and that seed concentration is the same as the plant. Seasonal behavior (hibernation) that can
reduce internal exposure and body burden is not considered.
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Figure 4-2 Effect of Radionuclide Decay on Frequent-Use Scenario Site Risks
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Table 4-3 Environmental Hazard Quotients Summary for Radionuclides by Waste Site

Waste Site Dose Rate Exceeds
1 rad/day (EHQ of 1)

0-6 feet

Dose Rate Exceeds
1 rad/day (EHQ of 1)

0-15 feet

108-F French Drain No No

116-F-1 Lewis Canal No No

1-16-F-2 Basin Overflow Trrnrh No No

116-F-3 Fuel Storage Basin

Trench

No No

116-F-4 Pluto Crib* Tes Yes

116-F-5 Ball Washer Crib NDA No

116-F-6 Liquid Waste Disposal
Trench

No No

--1i6-F-9Aninvii_Wastci..P.ach

Trench

No -^

I

-- No

I

116-F-10 Dummy

Decontamination French Drain

NDA No

116-F-11 Cushion Corridor

French Drain

No

-

No

116-F-14 Retention Basin No No

Process Discharge Pipeline No No

Basin Leak Ditch No No

EM Bypass Ditch No No

---- ------ ------- -*---=--Ba"apon !! 6-F,4 korehole d-nra, prinr to the. 100 Area Excavation Treatability Test (DOE-RL 1994c).

NDA = No data available

EHQ = environmental hazard quotient

4T-3



TrilS PAUE INff ENT10NALLY
LEFT BLANK



DOE/RL-9^J44Y.4ja''^,«, ^^ 10 S
Draft A

Table 4-4 Environmental Hazard Quotients Summary for

Nonradiological Contaminants Which Exceed Hanford Background by Waste Site

Waste Site Dose Rate Exceeds Dose Rate Exceeds
NOEL (EHQ of 1) NOEL (EHQ of 1)

0-6 feet 0-15 feet

108-F French Drain"'

(lead, selenium, zinc copper) Yes Yes

116-F-1 Lewis Canal

(arsenic, cadmium, lead, zinc) Yes Yes

116-F-2 Basin Overflow Trench No Yes
(cadmium, zinc)

116-F-3 Fuel Storage Basin Trench
Yes Yes

(lead, zinc, mercury [0-15 ft only], barium)

116-F-4 Pluto Crib* Yes Yes
(barium)

116-F-5 Ball Washer Crib NDA NDA

116-F-6 Liquid Waste Disposal Trench
No Yes

(zinc)

116-F-9 Animal Waste Leach Trench
No Yes

(silver, zinc)

116-F-10 Dummy Decontamination French
NDA NDA

Drain

116-F-11 Cushion Corridor French Drain NDA NDA

116-F-14 Retention Basin
Yes Yes

(cadmium, zinc)

Process Discharge Pipelines NDA NDA

Basin Leak Ditch NDA NDA

EM Bypass Ditch NDA NDA

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c).

NDA = No data available

EHQ = environmental hazard quotient

NOEL = no observable effects level

4T-4



THIS PAGE INTENTIONALLY
LEFT BLANIC



DOE/RL-y73.-^L1 ^,^ ^
Draft A

Table 45 Comparison of Contaminants (Exceeding the EHQ) Between Sites

WASTE SITE Ag As Cd Cu Ba Hg Se Pb Zn Radionuclide

108 French Drain X X X X

116-F-1 Lewis Canal X X X X

116-F-2 Basin Overflow X X

116-F-3 Fuel Storage Basin

Trench

X X X X

116-F4 Pluto Crib* X X

116-F-6 Liquid Waste
Disnosal Trench

X

1 i6-F-y Animal Waste
Leach Trench

X X

116-F-14 Retention Basin X X

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c).

EHQ = environmental hazard quotient
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5.0 RECOMMENDATIONS

The primary purpose of the LFI report is to recommend those high-priority sites that

should rentain as candidates on the IRM path and those high-priority sites which should not
remain as candidates for the IRM path. Sites that are not recommended as candidates for an
IRM will be addressed in the final remedy selection process. These recommendations are
generally independent of future land-use scenarios.

5.1 HIGH-PRIORITY SITE IRM CANDIDATE EVALUATION CRITERIA

The 100-FR-1 high-priority sites were evaluated using the following criteria to
identify those sites where continued IRM candidacy is recommended:

• the 100-FR-1 QRA (WHC 1993)

• an assessment of the waste site conceptual model

• identification of any ARAR exceedance for vadose zone contaminants

• an evaluation of site-specific contaminant impact on groundwater

• identification of sites where natural attenuation by the year 2018 may reduce
risks and mitigate contamination.

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks, specifically ICR, for the high-prioritv sites were developed in the QRA
using two scenarios: frequent-use and occasional-use. The occasional-use risk values are
used to evaluate the continued candidacy of high-priority sites for IRM. The qualitative risk
estimations presented in Table 5-3 are grouped into high (ICR > 1E-02), medium (ICR
> 1E-04 to 1E-02), low (ICR 1E-06 to IE-04), and very low (ICR < 1E-06) risk categories
based on results presented in Chapter 3 of the 100-FR-I QRA (WHC 1993). Sites that pose
medium or high risks to human health under the occasional-use scenario are recommended to
continue as IRM candidates.

Environmental hazard quotient ratings are from the qualitative ecological risk
assessment that was performed in the QRA. Sites that have an EHQ rating > 1 for
radionuclides or nonradiological constituents, present potentially adverse ecological impact
and are recommended to continue as IRM candidates.
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5.1.2 Conceptual Model

The conceptual model for the waste site includes sources of contamination, types of
contaminants, nature and extent of contamination in each affected media, known and
potential routes of migration, known or potential human and environmental receptors, and the
general understanding of the site structure/process. This information is included in Chapter 3
of the 100-FR-1 Work Plan (DOE-RL 1992a) and has been revised using data obtained
during the LFI. Table 5-1 presents sources of contamination, types of contaminants, nature
and extent of contamination in each affected media, and the general understanding of the
structure/process for each high-priority waste site. Figure 5-1 presents the known and
potential routes of migration, known or potential human and environmental receptors for the
operable unit. If the conceptual model of a site is incomplete, the site is recommended to
remain as an IRM candidate while the data needed to complete the model are collected.
After the data are available the site will be reevaluated for continued candidacy for an IRM.
The additional data may be obtained through limited field sampling.

5.1.3 Applicable or Relevant and Appropriate Requirements

The Washington State MTCA Method B concentrations are potential ARAR for soil
contamination, as discussed in Section 3.20 of this report and in the 100 Area Feasibility
Study, Phases 1 and 2 (DOE-RL 1992c). Model Toxics Control Act Method B regulatory
limits for soil contaminant concentrations are utilized since they are the standard approach
and are conservative. Table 5-2 lists the Hanford Site background 95% UTL values for
metallic constituents in soils and MTCA Method B guidelines for soil. Sites that have
concentrations of contaminants which exceed this potential chemical-specific ARAR are
recommended to continue as IRM candidates.

5.1.4 Current Impact on Groundwater

The probability of current impact on groundwater is evaluated for each site by
comparing groundwater contaminant concentrations from monitoring wells located upgradient
and downgradient of each specific site, where wells are available. Concentrations of

_chrQmistm and_strontium-90 in upgradient and downgradient wells are compared.
Groundwater contaminant concentrations in a downgradient well that are higher than in an
upgradient well indicate current impact to groundwater. Sites that are impacting groundwater
are recommended to continue as IRM candidates.

5.1.5 Potential for Natural Attenuation

The potential for the contaminants at a site to be reduced by natural attenuation, i.e.,
radioactive decay by the year 2018, may be a consideration at sites where radionuclides with
half lives <30 years are the primary contaminants and external exposure is the only
pathway. Sites with excess risk attributed to radionuclides with half lives <30 years, i.e.,
cobalt-60, cesium-137, europium-152, and europium-154, have potential for natural reduction
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of risk through radioactive decay. Natural attenuation is not a consideration for sites
contaminated by metals, by radionuclides with half-lives > 30 years, or where multiple
exposure pathways drive the risk.

5.2 HIGH-PRIORITY SITE IRM CANDIDATE RECOMMENDATIONS

The final selection of IRM sites, and priority of action are decisions left to the
Tri-Agreement signatories. Factors that the Tri-Party Agreement signatories may consider in
the selection and prioritization of IRM sites include:

• impact of IRM actions in relation to the 100 Area Environmental Impact
Statement, e.g., disposition of the reactors

• access control

• relation to the IRM program plan recommendations

• land use

• point of compliance

• time of compliance

• feasibility

• bias-for-action

• threat to human health and the environment.

The high-priority sites recommended to continue as IRM candidates are identified in
the "IRM Candidate" column of the Table 5-3. The recommendations are discussed below.

5.2.1 116-F-I Lewis Canal

The 116-F-1 lewis canal is recommended to continue as an IRM candidate because the
human health risk is medium, and the EHQ is > 1. No contaminants were found in the
116-F-1 investigation that exceeded MTCA Method B guidelines. This site's impact on the
groundwater could not be determined due to the lack of an upgradient monitoring well,
however, low levels of chromium, and no detections of strontium-90 in the downgradient
well indicate that this site is probably not currently impacting the groundwater. Natural
attenuation by the year 2018, i.e., radioactive decay. may not mitigate risk posed by the
principle contaminants and associated exposure pathway.
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5.2.2 116-F-2 Basin Overflow Trench

The 116-F-2 basin overflow trench is recommended to continue as an IRM candidate
because the human health risk is medium, and the EHQ is > 1. No contaminants were found
in the 116-F-2 investigation that exceeded MTCA Method B guidelines. This site's impact
on the groundwater could not be determined due to the lack of an upgradient monitoring
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway. The EM bypass ditch
(described in Section 3.2) is an associated site that was not prioritized as a high-priority or
low-priority site. The 100-FR-1 QRA (WHC 1993) did, however, calculate a medium
human health risk for this site using the occasional-use scenario.

5.2.3 116-F-3 Fuel Storage Basin Trench

The 116-F-3 fuel storage basin trench is recommended to continue as an IRM
candidate because the human health risk is medium, and the EHQ is > 1. No contaminants
were found in the 116-F-3 investigation that exceeded MTCA Method B guidelines. This
site's impact on the groundwater could not be determined due to the lack of an upgradient
monitoring well. Natural attenuation by the year 2018, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.4 116-F-4 Pluto Crib

The 116-F-4 pluto crib is not recommended to continue as an IRM candidate.
Contamination was removed as a part of the 100 Area Excavation Treatability Test Plan
(DOE-RL 1994e). This site's impact on the groundwater could not be determined due to the
lack of an upgradient monitoring well, however, low le'vels of chromium, and no detections
of strontium-90 in the downgradient well indicate that this site is probably not currently
impacting the groundwater.

5.2.5 116-F-6 Liquid Waste Disposal Trench

The 116-F-6 liquid waste disposal trench is recommended to continue as an IRM
candidate because the human health risk is medium, and the EHQ is > 1. No contaminants

---- --------- were-fou.n.d in the 116-F-6 investigation that exceeded MTCA Method B guidelines. It does
not appear that this site is currently impacting groundwater because the chromium and
strontium-90-valuesindowngradient well 199-F-47 were not greater than the values found in
upgradient well 199-F-6. Natural attenuation by the year 2018, i.e., radioactive decay, may
not mitigate risk posed by the principle contaminants and associated exposure pathway.
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5.2.6 116-F-9 Animal Waste Leach Trench

The 116-F-9 animal waste leach trench is recommended to continue as an IRM
candidate because the EHQ is > 1. The human health risk for site 116-F-9 is low. No
contaminants were found to exceed MTCA Method B guidelines. It appears that site 116-F-9
is--not-ci;rrently impacting-groundw•ater because-concenirations of-chromiwm and strontium-90
are considerably higher in the upgradient well than the values found in the downgradient
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway.

5.2.7 116-F-14 Retention Basin

The 116-F-14 retention basin is recommended to continue as an IRM candidate
because the human health risk is medium, and the EHQ is > 1. No contaminants were found
in the 116-F-14 investigation that exceeded MTCA Method B guidelines. It appears that
116-F-14 site is currently impacting groundwater because the strontium-90 values in
downgradient well 199-F5-3 were considerably higher than the values found in upgradient
well 199-F5-46. Natural attenuation by the year 2018, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.8 108-F French Drain

The 108-F french drain is recommended to continue as an IRM candidate because the
EHQ is > 1. The human health risk for the 108-F french drain is low. No contaminants
were found to exceed MTCA Method B guidelines. It appears that this site is possibly
impacting groundwater because concentrations of strontium-90 are slightly higher in
downgradient well 199-F5-45 than the values found in upgradient well 199-F5-4, however,
fttrther_investigatiort-of groundwater contamination is needed-toaccurately determinethe
current impact of this site to the groundwater. Natural attenuation by the year 2018, i.e.,
radioactive decay, may not mitigate risk posed by the principle contaminants and associated
exposure pathway.

5.2.9 116-F-5 Ball Washer Crib

The 116-F-5 ball washer crib is not recommended to continue as an IRM candidate.
The human health risk for this site is very low and the EHQ rating is < 1. Because this site
used historical data for its evaluation, no data were available for comparison to MTCA
Method B. No monitoring well is located in close enough proximity to this site TBC an
upgradient well, therefore, the impact to groundwater from this site could not be determined.
Natural attenuation by the year 2018, i.e., radioactive decay, will reduce the risk posed by
the principle contaminants and associated exposure pathway.
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5.2.10 116-F-8 Outfall Structure

The 116-F-8 outfall structure is recommended to continue as an IRM candidate.
Because of the uncertainty regarding the concentrations of contaminants that this site
received, the conceptual model is incomplete. Limited field sampling is needed to resolve
the uncertainties. Once the data are available this site should be evaluated for continued
consideration as an IRM candidate.

5.2.11 116-F-10 Dummy Decontamination French Drain

The 116-F-10 dummy decontamination french drain is recommended to continue as an
I12M candidate because the human health r;sk is medium, although cobalt-60 and
europium-152 are the major contributors to risk, both of which have potential for natural
attenuation by the year 2018. The external exposure pathway is the major contributor to
risk. No data were available in the 0 ft to 6 ft bis interval, therefore, no risk reduction from
the shielding effect of clean-fill soils could be estimated. The EHQ rating for this site is
< 1. Because this site used historical data for its evaluation, no data were available for
cocnpariSo. .̂ to MTCAd1 ^°'"od B guid$lin°s It ^^t,t̂ ea -° th6-F-10 site is not currentlyR..... .. a.^ , a^ .̂ "..
impacting groundwater because the strontium-90 values in upgradient well 199-F8-2 were
higher than the values found in downgradient well 199-F5-47 and the chromium values were
similar between the upgradient and downgradient wells.

5.2.12 116-F-11 Cushion Corridor French Drain

- The t 16-F-1-1-cushion-corridor french drain is not-recommended-to cotttinue-as an
IRM candidate. The human health risk is low and the EHQ rating for this site is < 1.
Because this site used'historical data for its evaluation, no data were available for comparison
to MTCA Method B--guidelines, Nomonitoring well-is located-in-close-enot:gh-proximity to
this site TBC an upgradient well, therefore, the impact on proundwater from this site could
not be determined. Natural attenuation by the year 2018, i.e., radioactive decay, will reduce
the risk posed by the principle contaminants and associated exposure pathway.

5.2.13 116-F-12 French Drain

The 116-F-12 french drain is recommended to continue as an IRM candidate.
Because of the uncertainty regarding the contaminants and the concentrations of contaminants
that this site received, the conceptual model is incomplete. Limited field sampling is
recommended to resolve the uncertainties. Once the data are available, this site should be
evaluated for continued consideration as an IRM candidate.
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5.2.14 116-F-13 Experimental Garden French Drain

The 116-F-13 experimental garden french drain is recommended to continue as an
------- ---- - iRMcandidate.- Because of the u.^.certai.^.ty regarding the contaminants and the

concentrations of contaminants that this site received, the conceptual model is incomplete.
Limited field sampling is recommended to resolve the uncertainties. Once the data are
available, this site should be evaluated for continued consideration as an IRM candidate.

5.2.15 Process/Discharge Pipelines

The process/discharge pipelines are not recommended to continue as an IRM
candidate. The human health risk for this site is very low and the EHQ rating is < 1.
Because this site used historical data and analogous data for its evaluation, no data were
available for comparison to MTCA Method B. Because of the extensive nature of the
pipelines and their proximity to other waste sites, a groundwater assessment based upon
current monitoring wells is not possible. Natural attenuation by the year 2018, i.e.,
radioactive decay, will reduce the risk posed by the principle contaminants and associated
exposure pathway.

5.2.16 UN-100-F-1

The UN-100-F-1 unplanned release site is recommended to continue as an IRM
candidate. Because of the uncertainty regarding the contaminants and the concentrations of
contaminants that this site received, the conceptual model is incomplete. Limited field
sampling is recommended to resolve the uncertainties. Once the data are available, this site
should be evaluated for continued consideration as an IRM candidate.

5.2.17 132-F-6 Lift Station Demolition Site

The 132-F-6 lift station demolition site is recommended to continue as an IRM
candidate. Because of the uncertainty reQardina the contaminants and the concentrations of. _ ..

.
.....^o.o .cantaminantsthat-this site received; the ecnceptual model i s nca,,,t,,..^^. T :^^^.̂..̂ ited field

sampling is recommended to resolve the uncertainties. Once the data are available, this site
shoulrl-be-evallua.ted for conttnued sonstderat!on-as an -IRM candidate.

5.2.18 PNL Outfall Structure

The PNL outfall structure is recommended to continue as an IRM candidate. Because
of the uncertainty regarding the contaminants and the concentrations of contaminants that this
site received, the conceptual model is incomplete. Limited field sampling is recommended to
resolve the uncertainties. Once the data are available. this site should be evaluated for
continued consideration as an IRM candidate.
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5.2:19 Nonprioritized Sites

The basin leak ditch (described in Section 3.7) and the EM bypass ditch ( described in
Section 3.2) are associated sites that were not prioritized. The 100-FR-1 QRA (WHC 1993)
did, however, calculate a medium human health risk for these site's using the occasional-use
scenario. Only sites listed in the 100-FR-1 Work Plan (DOE-RL 1992a) as being
high-priority, were addressed by the LFI. The risks associated with these sites indicate that
they should be placed on the IRM pathway, pending collection of confirmatory data.
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Site Structure/Process Contaminant Source Contaminants of Nature and Extent
Potential Concern of Contamination

116-IF-1 Ixwis Canal Effluent disposal Received liquid wastes Methylene chloride, Soil contamination
drainage trench, from F Reactor, 190-F toluene, acetone, at least 20 ft
unlined - 914m x 12m buildings and bis(2-
x 3m deep decontamination ethylhexyl)phthalate,

wastes from 189-F As, Pb, Zn, C-14, K-
buildings. Also 40, Sr-90, Ra-226,
received 100 kg Th-228, Th-232, U-
sodium dichromate 233/234, U-238, Pu-
and 10,000 of sulfamic 239/240
acid

116-F-2 &uin Effluent overflow Received reactor Ba, Cd, Cr, Zn, C-l4, Soil contamination
Ovcrlluw "I'rcnch trench, unlined -I^Im x cooling water from the K-40, Co-58, Co-60, at least 32 ft

15m x 4.5m retention basin during Sr-90, Cs-137, Eu-
reactor outages. Also 152, Eu-154, Eu-155,
received 600 kg of Ra-226, Th-228, Th-
sodium dichromate 232, U-233/234, U-

238, Pu-238, Pu-
239/240, Am-241

116-F-3 Fuel Storage Effluent disposal Received reactor Toluene, Soil contamination
Basin Trench trench, unlined - 30m x effluent during fuel fluoranthene, pyrene, to 12 ft

6m x 2.4m classing failure, and toxaphene, aroclor-
sludge from fuel 1254, Ba, Pb, Cr, Hg,
storage basin, also Zn, K-40, Co-60, Cs-
received 4 kg of 137, Eu-152, Eu-154,
sodium dichromate Ra-226, Th-228, Th-

232, U-233/234, U-
238, Pu-238, Pu-
239/2411, Am-241
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CSite-

-

Structure Process Contaminant Source

=,

Corrtaminai^Rs of
Potentia l Cc^ncern^-^

Nature and Extent
of Contamination

116-F-4 Plutu Crib Effluent disposal crib Fteceived liquid

-- _

Meth^lene chloride, Soil contamination
3m x 3m x 3m effluent from the 105 F acetone, toluene,, 2- to at least 28.6 ft

Reactor during outages butano'ne, di-n-
dVue to fuel ruptures. butylphthalate„ tvus(2-
Fteceived . 004 kg of ethylhexy{)pht'halate,
sodium dichromate di-n-octylphthala.t:e,

K-40, ISr-90, Cs-1137,
Eu-152, E:u-154, Eu-
155, R.a-226, 'Il'tt-228,
Th-232, U-233/234,
U-235, U -238,I Pu.-
238, Pu-239/2i40, Am-
241 i

I 16-F-b Liquidl Waste Effluent Disposal Received cooling water

_

Methylene chloride, Soil contamination
f)isposal " I'rench Trench, unlined - 90m vdhile maintenance acetone, toluene, tci 21 ft

x 30m x 3m were performed on the benzene, di-n-
effluent. Received 300 butylphthalate, biis(2-
kg of sulfamic acid ethylhexyl)phthalate,

K-40, Co-60, Sr-90,
Cs-137, Eu-152, Eu-
154, Ra-226, 'Th-228,
Th-232, U-2331234,
U-238, Pu-238, Pu-
239/240, Am-241
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Site Structure/Process

[
Contaminant Source Contaminants of

Potentia l Concern
Nature and Extent
of Contamination

116-F-9 PNL Animal Waste water disposal Received waste water Methylene chloride, Soil contamination
Waste Leach Trench trench, "Y" shaped from the cleaning of acetone, thluene, 2- to 25 ft

trench with the long animal pens in the butanone„4-methyl-2-
leg 120m x 5m x 3m, experimental animal pentanone, bis(2-
anel the short leg 30m farm ethylhexyl)phthalate,
x5m x 3m alpha-chlu dane,

^gamma-ch ordane, K-
40, Sr-90, Cs-137, Ra-
226, Th-228, Th-232,
U-233/234, U-238

I Ib-F-14 Itctentinn Retention basin Held cooling water Methylene chloride, Soil contamination
Basin reinforced - 137m x effluent from F acetone, toluene, to 25 ft

70m x 7.3m Reactor for chloroforqi, 2- Groundwater
cooling/delay before butanone,' 4-methyl-2- contamination
release to the

^
pentanone, di-n-

Columbia River, large butylphthalate, bis(2-
leaks of effluent to the ethylhexyl)phthalate,
soil diethylphthalate, C-

14, Cu-60, Sr-90, Cs-
137, Eu-152, Eu-154,
Eu-155, Ra-226, Th-
228, 71t-232, U-
233/234, U-238, Pu-
238, Pu-239/240, Am-
241
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Site Strucrture/Process Contaminant Source Contaminants of Nature and Extent
Potential Concern of Contamination

108-F French IDrain Biology building french Received condensate Toluene, bis(2-I Soil contamination
drain from laboratory hoods ethylhexyl)phthalate, to at least 4.5 ft

in the 108-F Biology aroclor-1254, aroclor- possible
building 1260, Cr, Cu, Pb, Zn, groundwater

K-40, Cs-137, Vu-152, contamination
Ra-226, Th-228, Th-
232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241

I16-F-5 Hall Washer Liquid waste crib, Receive liquid waste From historical data: low levels of soil
(1ib unlined - 3m x 3m x containing nitric acid Cs-137, Eu-154 contamination

3m derived from the based solely on
decontamination of historical data
boron stell balls.

116-F-8 Outfall Process effluent outfall Received effluent from Analogous data from Nature and vertical
Structure structure 8m x 4m x the 116-F-14 Retention process/discharge extent of

8m Basin pipelines Co-60, Cs- contamination is
137, Eu-152, U-238 unknown

116-F-111 Dummy Liquid waste french Received radioactive Based solely on Soil contamination
Decontamin;llion drain lm diameter, 3m water rinses and spent historical data: Co- to 20 ft based on
French Drain deep nitric acid from the 60, Cs-134, Cs-137, historical data

decontamination of Eu-152, Eu-154, Eu-
fuel element spacers. 155, U-238
Received 2000 kg of
sodium dichromate,
2000 kg of sodium
oxalate, 2000 kg of
sodium sulfamate

o°CA
n U
fD r+

O. o

^e A

^ C
^

0 0

w^P
A x'
A R. ^+

^,zx
o-^ e o

m o
:

o W

o "
•' cn
f^^

CD_

o r°,
o ^

t7
C

dm
w %v
^• r

^a>
oc^



^
^

CD

Site ructure/ProcessSt Contaminant Source
=

Contaminants of Nature and Extent
o¢ential Concern of Contaminatuon

116-F-11 Cushion Liquid waste french Received cushion Based solely upon Soil contamination
Corridor French drain lm diameter, lm corridor contamination historical data from based on historical
Ihain deep wastes borehole 30 m away data.

from 116-F-11: Co-
60,Cs-137, Eu-152,
Eu-154

116-F-12 French Liquid waste french Received liquid pump Not sampled. Nature and vertiical
Elrain drain Im diameter x prime from the lift Contaminants are extent of

2m deep station likely similar to those contamination is.
found in the 116-F-14 unknown.

-- ^
Rel:ention Basin.

116-F-13 Liquid waste french Received effluent from Unknown
--

Nature and vertical
Expcriinciu;il c;arden drain, lm diameter x radio-botany extend of
French I)rain Im deep experiments conducted contamination is

in the 1705-F facilities unknown. No

impact to
groundwater is
being observed.

Process/Uischarge Pipe diameter 152cm, Transferred cooling Historical data: Co- Extensive history of
Pipelines both above and below water from the F 60, Cs-137, Eu-152, leakage suggests

ground sections Reactor to the 116-F- U-238 soil and
14 Retention Basin groundwater

contamination
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^ Site Structure/Process Contaminant Source Contaminants of Nature and Extent
Potential Concern of Contamination

I1N-1011-F-I Unplanned relase 141-C Hog Barn Not sampled, Nature and vertical
process sewer line contaminants are extent of
overflowed into surface likely similar to those contamination is
adjacent to building found in the 116-F-9 uknown

Animal Waste Leach
trench

132-F-6 Lift Station Waste water pump Pumped reactor waste Not sampled, Nature and vertical
I)enwlition Site station water from reactor suspected extent of

building drains and contaminants include: contamination is
sumps to effluent line H-3, C-14, Co-60, Sr- uknown

90, Cs-137, Eu-152,
Eu-154, and
decontamination
chemicals such as:
sodium fluoride,
oxalic acid, nitric acid

PNL Outfall Outfall structure Received liquid waste Not sampled, Nature and vertical
Structure spillway measured 30m from animal pens and contaminants are extent of

long x 3m wide cooling water used at likely similar to those contamination is
the 116-F- Aquatic found at the 116-F-9 unknown.
Biology laboratory Animal Waste Leach

Trench
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Table 5-2 Hanford Site Background 95% Upper Threshold Limits and Model
Toxics Control Act Method B Guidelines for Inorganic Analytes

Analyte' 95% UTL"(mg/kg) MTCA Method B° (mg/kg)

Alkalinity 23,300 N/L
Ammonia 28.2 N/L
Antimony 15.7° 32
Arsenic 8.92 24 (59)`
Barium 171 5,600

Beryllium 1.77 400 (0.23)°
Cadmium 0.66d 40
Chloride 763 N/L
Chromium 27.9 400t
Cobalt 19.6 N/L

Copper 28.2 3,200
Fluoride 12 4,800
Lead 14.75 U
Lithium 37.1 N/L
Manganese 612 400

Mercury 1.25 24
Molybdenum 1 ^3^ 400
Nickel 25.3 1,600
Nitrate 199 130,000
Nitrite '_ 1` 8,000

Ortho-phosphate 16 N/L
Selenium 5' 400
Silicon 192 N/L
Silver 2.7 400
Sulfate 1.320 N/L

Thallium 7° 5.6 - 7.29
Titanium 3,570 N/L
Vanadium III 560
Zinc 24,000
Zirconium 57.3 N/L

Source: DOE-RL 1993a
NL = Not listed in MTCA Human Health Risk Based Method B ForniulaValucs table for soil
U = Unavailable

' Analytes essentially non-toxic in soil are not listcd (DOE-RL 1993h). These include aluminum,
calcium, iron, magnesium, potassium, sodium.
95% conlidence limit of the 95th pcrcentilc olthe data distribution
Non-carcinogen risk-based concentration, no curcinoqen risk c.vicept is ,hown in parenthesis

° Limit of detection

` Carcinogen risk-bascd conccntration in purcnih,.si^
Hexavalent chromium

° Range of risk-based concentrations Gor thullittm ^^tn,pt,t^nds.
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Waste Sil{e Qualitative Risk

Estimation

Conceptual

Model

Exceeds

ARAR

Poraible

Currant

Potential for

Natural

IRM

Candidate

Occasional-Use

Scenario

EHQ > 1
Impact on

Groundwater

Attenuation

by 2018

yes/no

116- F-1 Lewis Canal 111BdIU(tt' ^'®a Adequate No Unknown No Yes

116-F-2 Basin Overflow Tvench NlediV07,3 Yd6 . Adequate No Unknown No Yes

11E5-F-3 Fuel Storage Basin Trench A1^etliutli := ^94 Adequate No Unknown No Yes

116-F-4 Pluto Crib Mediumt' Yes•' Adequate NA Unknown NA No ^

116 -F-6 Liquid Waste Disposal Trench Medium ; • Yes Adequate No No No Yes

116-F-9 PNL Animal Waste Leach Trench Low Y^ . Adequate No No No Yes

116-F-14 Retention Basin (JlediUR1 -_: '{qS Adequate No : Ygt No Yes

108 -F French Drain
_ ^Low. YCS.. Adequate No . i/t?S..._ .::.^; No Yes

11fi-F-5 Ball Washer Crib Very Low No Adequate Unknown No Yes No

116 -F-6 Outtall Structure Mi=dium' - fficompiet8° Unknown' Unknown' Unknown' Yes'

116-F-10 Dummy Decontamination French
Drain

Metlium No Adequate Unknown No Yes Yes

116-F-11 Cushion Coriidoi French Drain Low No Adequate Unknown Unknown Yes No

116-F-12 French Drain Medium' -- Inco;np(aqpe Unknown No Unknown` Yes'

116-F13 Experimental Garden French Drain Medium' -- kiCOtl)plete" ° Unknown' No Unknown' Yes'

Process,/Discharge Pipelines Very Low No Adequate Unknown Unknown Yes No

UN-100F-1 Low' -- IR&fYtOpletB" Unknown' No Unknown' Yes'

132-F-6 Lift Station Demolition Site Veiy Low' -- I(iCpfllplpfg" " Unknown' Unknown' Unknown' Yes'

PNL Outfall Structure iow' - - UlcmYipl¢pa"_.. _ .:.. . .. ......... . Unknown' Unknown` Unknown' Yes'

= Not sampled, conceptual model is considered incomplete, risk is based upon analogous information
Qualitative risk reduced/removed by removal of contaminated material as part of the 100 Area Excavation Treatability Test (DOE-RL 1994b)
( Qualitative Risk Estimation based upon LFI Borehole Data prior to Treatabiility Excavation)

-- = Not rated by the qualitative ecological risk assessment
ARAR = Applicable or Relevant and Appropriate Regulation, specifically the Washington state Model Toxics Control Act Method B concentration values for soils

(DOE-RL 1992a)

EHO = Environmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993)
NA = Not Applicable

Shaded areas indicate driving tactors keeping site as IRM candidate
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b.r! conuntr.tlon InCI/yl
s.np.
NumMi i-11

-PU "Sr 'N fcW.r chn mEU "Co °'Eu `°C. 'DC. n'Eu V

A 5 401.24 • • • <200/10 • ' • 1.100' •
10 • 1-5a10 8.6x10' 6.1x10' <200/10 • ' • • • • 1.1x10'
15 • • 9 3.10' <200/10 ' • 1.4x10' • •

B 5 401.2 • • 1.1x10' Q00/15 • 1x10' • • • •
10 • • 2.4x10' 2.6.10' <200/20 1x10' 5.1x10' • 1.9c10' • 1.1.10
IS • ' 93x10 ' Q00/10 ' • • ' 5.5a10' •

C 5 399.56 1.500` <200 ' 45x10' . • • •
10 1.3x10° <200 • • • 1.Ox10< • •
18 • • • <200 7.1x10' • • • 4.5x10' •

D S 391.36 • 6 4,10' 200 6.3x10' 1.3x10' 1.1x10^ 1.300' 9.500' •
10 5 7.10' <200 ' • • •

E 2-1/2 391.2 • • 21x111 Q00/20 8.410' ' • 7.7x10' 1.300' •
7-1/2 6.3x10 4.600' <200/30 27x10° 53.10' 3.1x10' • 4.9c10' 1.4x10'

F 5 369.9 ' • 5 6.10, ' <200/20 2.3x10^ 1.8x10' 9.4110' • 1.4.10' • 5.4.10'
IU 1 5.10' <200/10 • ' • • •

G 3 389.53 ' 5.3x10' 36x1U` 7 7010° 500 11.10, 2.100' 3-1x10' • 2 2.10' 9.100' 1.6x10'
b ` 99x10' 29x10 8.10, a200/20 8.8x10 1.3x10' 3.7x10' ' 1.3x10'
10 • ' 7.9x10' c200/15 • 1.ixII]' 9.3x10'

H 5 389.05 • • • <200110 1 1.10, 1.7x10' • • • •
111 ' ' B 6x10' 9 2.10' Q00/20 ' • • ' 1.1x10' 13.300
15 • . 4 SxtU' 400/10 ' • ' ' 1.Bx10'

I 5 389.05 • • 7.9n10' <200/20 34x10 1.1x10' ' 1.2x10' •
10 • ' • 4.600' <200/10 • • • • 2.5x10'

J 21/2 388.91 • • 2.1x10' <200/25 ' 9.5x10' 1.3x10' ' •
5 3.4x10 <200/10 7.1x10' 6.7x10' 1.2x10' • 6Dx10'

10 • • • <200/10 • • • • •
15 • • 1.4x10' ' 1.9x10 <200/10 • • • • • • 2.0x10

K 5 389.8 • 5.000' 3.400^ 1.610° <200/40 3.3x10° 8.610 9.200' < 9.5x10' 2.5x10' 1.700'
15 <200/Bkg • ' • ' 8.1x10' 1.0.10.

L 10 390.1 • 2.1x10' 2.3x10° <200/10 2.4.10' 2.800° 6.3a10' • 8.1x10' • 1.6x10-'

M 15 309 • 1.9x10' <200/Bkg • ' • • • •

N 2-1/2 389.63 2.4.10' <200/10 1.6x10' B.Bx10' • 2.3x10' ' 1-3x10'
7-1/2 • 2.1x10'

6
.9x10' <200/10 4x10' 9.Ba10' • • 3.0x10' B.2x10' 2.4x10'

'Below analytical detection limit Blank indlcates not tested for or data unavailable
•- Isotope not decayed, no significant change due to large Isatope half-life.
'- Elevation In feel above sea level for surface of borehole.
Source: Adapted from Dorian and Rlchards 1978 ( decayed to January 1993).
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LEGEND
• Soi1 Sampling Locations

Source Dorian and Richardls 1978.
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V^

,am lc Elc '
Concenlraeon (pCl/g)

. p v
Nurnoei Ouplh Material -Pu "°°Pu• ^'Sr 'H P-11 "'Eu 'CO ^'Eu "'Cs °'Cs "'Eu U. 'Ni•

scale

AN 0 F ' • 56.10' 1.0x10° 7.8x10' 2.300' • 1.6x10' 1.6x10
15 5 • 1.2x101 1 2.10' 3.ex10' 61.10' 1.610' 2.9x10' 1.1x10' 8.800' 1.8.10. 6.9x10'

5N 3 F • • 23.10 6.3x10' 7.200' 1.400 1.3x10' 5.4x10' 8.0x10'
f.5 5 ' 9.0x10' 1 7.10 9.6x10' 2.300' 1.1x10' 6.6x10' 1.0x10' 2.8000 3.7x10° 2.6x10'

N ] F ' 2 3.10' 54*I1)' 1Bx10' 31.10' 1-8x10' • 6.8x10' 1.5x10
.^.5 5 96.10- 45.10- 34.10' 3 9.10' 1.600' 1.4x10' 6.900 3.9x10' 1.5x10' 7.4x10'

I^N 3 F ' • 33.10' 3.6x10' 2.1x10° 6.0x10' 1.5x10' 5.8x10' 6.5x10'
.f.5 5 • 1.2x10' 56x10' 1.6x1^0° 2.7x10' 1 6.10' 97x10' 4 3.10' 11.10, 9.3x10' 5Jx10' 3.4x10'

. F 1.9x10' 2.1.10' tOx10' 1.3x10° 1,9x10° ' 1.2x10° 1_6x10'
15 S 5.0x10' 1.7x10' 73.10° 5]x1^0° 3.2x10' 6.4x10' 1.3x10' 1.800' 4.0x10' 8.0x10' 1 1.10, 3 3.10.
4 5 3.4x10 1 4.10' 28.10° 24x10' 4.8x10' 2.6x10' 1.4x10° 3.4x10' 2.6x10'

35 F • • 9.3x10' 12x10' 5.1x10° 3.100' 1-1003 3.500 1.3x10' •
4 5 59<10' 2.4x10' 66.10° 1.4x10° 5.9x10' 2.7x10' 1 8.10, 5 3.10' 25.10- 7.0x10'

0 F • 1.5x10' 1.9x10' 3.5x10' 4.4x10° 6.6x10' 1.3x10• 2.4x10° 4.8x10
4 5 ' 1.5x10° 2.5n10° 3.3x10° 5.5x10' 2.1x10' 14c10' ' 1.4x10° 8.100° 5.1x10

41303 0 F • • 7.3x10' <200/50 2.0x10' 3.0x10° 4.500° 1.2x10' 2.1x10° 3.1x10'
2 F • • 1.1.10' • <200/40 1 3.10. 1.9x10° 2.2x10' 4.0x10' 1.6x10° ' 1.5x10'
4 F 1.1<10' <200110 8.4x10° 1.3x10° 1.7x10° ' 7.4x10° •

4.5 F • 3.7x10 9.9 x10 1.3 x10° 1,000 5.9x10' 5.h10' 2.4x10' 9.0x10' 3.4x10° 3.9x10° 9.6x10'
5 5 5.400' 1.9x10'

1
2.2x10• 15,000 2.4x10' 2.1x10' 8.900' 5.3x10' 1.2x10' 8.4x10' 9.8x10' 1.Bx10'

7.5 N • 9.510' 2.3c10' 4.6x10' 800 2.7x10' 4.2x10' 5.0x10' 23.10' 1.3.10' 1 0x10" 3 5x10
15 N • • 7.9x10 <200/70 1.7x10° 1.3x10° 6 8x10°

. .

2 5x10 '
.

7 415.63 0 F • • 3.ex10' <200/40 1.600' 1.840° 3.1x10° 2.610° 2.8x10° 4Ax10'
3 F • 3.100' 1 1.10, ' <200 16.10, 1.2x10° 3.9x10° ' 1.3000 4.9x10' 7.6x10
5 F 2 3.101 Q00/30 74x10° 90.10, 1.4x10° • 1.7x10° •
55 F • • 7.3x10' • °200/30 4.6a10° 4.3x10' 84x10' 51x10' 10x10° 5 3.10' 5.5x10'
6 5 • 1.1x10° 2.0x10° 2.6x10' 600 1.1x10' 1.2x10' 3.1x10' 73.10 - 7.4x10" 3.2x10° 1.5x10'
C1 N ' 2.8x10° 1.5010° 400 7.6x10' 3.2x10' 1.6.10, ' 5.9x10° 1.2x10°
8.5 N • 3 9.10 1.2x10' 1.2x10° <200/100 2.4x10' 1.3x10' 5.2x10° 1.8x10• 1.0x10' 1.6x10' 1.510
20 N ' ' 7.3x10' <200/20 5.9x10' 3.5x10' 1.000' 2.8x10' 7.4x10'
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'
Cancentratlon (p(i/g)

Samplu Elov - -•- '
Numbcr Ur^pth Malerlol "Pu "" "'Pu• '"Sr 'H P-11 "Eu '°Co "Eu °CS "Cs "Eu U. °NI'

U 414.10 11 F • • • Q00/30 5.5x10° 5.5x10° 7.1x10 1.0x10° 2.8x10' 8.8x10^ 2.0x10'
2 F 9.9x10' ' <200 1.7x10° 1.7x100 2.4x10 4 5.10' ' 1.9x10' ' 1.2x10'
4 F • ' 3 2.10' 400/Bkg 9.700' 9 7.10' 1.300' 7.1x10' 2.1x10' 1.500' 2.9x10°

4.5 F • 3.2x10' 1.5x10' • <200/10 2.6x10° 25x10° 3.6x10' 7 6.10' 8.9x10' 2.9x10' 5.2x10' 8.5x10'
5 5 ' 3.1x10° 6.6x10° 1.4c10° 800 1.3x10' 1.3x10' 8.3^1(1' 3.1x10' ' 2.7x10` 1.9x10° 7.700'
7.5 N ' 13.10' 12.10 /60 2.5x10° 2.Sx10° 1.201(1° 2.3x10' 1.2x10'
10 N ' 3.0x10° 1.e00` 6.110' 1,000 1.500' 1.5x10' 1.7w10' 2.900' • 1.600' 3.6x10' 4.2x10
15 N 7.90 0' <200/20 3.4x10' 3.9x10` 22,10' 5-5x10' ' 1.5x10°

'Below enalytical deto Yion IirwL
Blank indicates nut tested for or data unavailable
'- Isotope activity not deoayed, n o significant change has occur ed due to larye isotope hzlf-Ilte.
'- Elevation in feet above sea Icvel for surtace of borehole
F Fill.

S - Sluage-

N Native sutl bencuth basia
Source: Adapted honi Donan and R¢barau 1976 (dccayed to January 1993)-
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. Conwnvdar (PGlral I
Emyle Bev.

Nunbu P-11
ra^ rmwPU' w6r 'H 6ctl.r c/m wFiu C. °'Eu o'C. 9°Eu v

E 5 412.55 ' 1.2x10° 5.8x10° 2.2x10° 3,000 3.1x10' 5.200' 7.6x10' ' 3.500' 3.13(10° 3.9110'

F 0 412.36 • 2.8x10 6x10 1,000 2.6x10' 1.1.10, 6.6x10° 2.300° 9.2x10' 1.100' '

I 15 414.03 • ' 1.5x10' 200/20 6.3x10' • • ' 4.700' 3.500' I
22-1/5 • 9.3x10' 200 1.7x10' 4.9x10° 3.4x10° • 1.6x10° 1.4,10' '

25 • 2 1.10' 3.2x10° 1.12x110° 700 7.1x10' 1.1x10' 1.6x10' ' 1.8x10° 5.000' 1.2x10'
30 4.5x10' • 1.900° 200/20 5.5x10° 3.4x10' 5.200' 11 ' 9.500' 2.3x10'

J 25 41503 • 3.600° 26x10' <200/80 3.900° 3.1x10° 7.8x10' 4.0x10° 3.2e10' 1.400'

30 1.1x10° <200/40 5.9x100 2.400° 1.0x100 • 3.0x10° 4.1x102

K U 403.29 • 2.500' 610 <200/C'i0 11x10' 1.6x10° 2.0x10° ' 8.1x10' 6.6a10' 5.500'
5 ' ' 2.2x10' <200/10 11.10, 3.5x10' 7.3x10' • 1.4x10'

15 25x10' 400/10 2.0x10' ' ' • 1.500° 2.0x10'

L U 4115'1 4.7x10' 8 6x10° 24,.111 20.001) 1.8e10' 4.1x10' 3.7x10' ' 6 .0x10' 1-5010' 9.7.10'
1 1 19x10° 25x10' 800 2600' 6.0x10' 4.7x10' • 1000' 4.5x10'

O 0 41041 1.100' 11.1O <200/25 1.5x,10° 1.2x10' 1.400' 2-2x10' 2.600' 4.0x10' 4.6a10'
lo • ' 1.6x10' 4110/15 ' • • ' 6.Ux10'
J0 • ' 1.100' <200/20 ' • 2.Ox10°

R U 41239 • • 9.300' Q00/15 2.700 3-1x10' 1.800'
5 6 .6x1U' <200/20 ' • • ' 4.9x10' •

V 0 417.2 • 4 1.10' • 200/20 2.900° 1 8.10, 3.9x10' 1900' 3.1x10' 1.4x10' 3.0x10'
10 • • 1 1xt0' <200/10 • ' • '

W 11 41559 ' 1.1x100 2.600° 1p00 1.400' 2.0x10' 3.1x10' 2.4x10' 4.800° 1.400°
121/2 • 2.1x10" 2.000` 42.10 1.500 5.0x10' 4.0x10' 9.7.10, ' 6.100° 2.500' 5.2x10'

x 10 414.79 • 1.2x10° 7.9x10 4.6x10 800 2.6x10' 6.4x10° 3.7x10' ' 6.8c10° 4.7x10° 3.500'
20 1,4x10' 4 4.10 ' <200/20 6.3x10' 1.9x10° 8.9x10' 1.5x10' 2.9x10° •

Y 25 427.09 3 8.10' 1.4x10° • <200/20 4.2x10° 3.5x10' 7.1x10' • 3.0x10° 5.600' 1.3x10'

Z 10 414.43 • • • 1.6x10' <200 1.1x10' 6.2x10' • ' • 1.1x10'
20 • • 1.4x10' <200 7.6x10' 7.7x10' • 2.5x10' 1.200°

AA 5 • 2.1x10' 13.10, 200 7.6x10' 1.2x10' ' 1.5x10' 1.2x10° 1.1x10'
10 • • 12x10' • <200/15 6.3x10' 7.2t10 2.4x10' ' 1.4x10 2.3x10' 1.9x10'
15 • • 1.9x101 <200 • • • 4.7x10 9.300'

•Below analytical detection fmit.
Blank indicates not tesled for or data unavailable.
'- Elevation in feet above sea level for surface of borehole.
'- Isotope activity not decayed, no significant change has occure4 due to lar ge isotope half-life.
Source: Dorian and Richartls 1978 (decayed to January 1993).
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C.z.atr.tlo. (,DUQt

a.mpr

encenon

Elev.' DeVth

Dtl r^u """Po' "sr 'H '^Ev "Cu 1°EU "'C. °'e. "'Eu V °C

A 400.15 10 5.2E-01 1.8E00 20E00 4.7E00 2.6E00 1.2Ei00 8.8E-02

18 2eE 01 9.7E00 1.0E00 1.9E00 1.0E0) 7.2E-02

20 1.2E-01 H 4E01 9.0E-01 1.2E00 1.6E00 2.1E-01

B 405.75 10 7.3E03 6.3E01 4.1E-02 3.4E-02 9.5E-02 2.1E-02 8.8E-02

20 . 1 4E-01 4.2E01 6.1E-02 2.1E-01 1.6E00 1.8E-02

4otla8 15 2 4E-01 e6E01 1.1E.02 ZBE00 1.9Ew1 1.fiEw1 2.8E00

20 3.4E 01 1.3E00 2.5E00 2AE,02 B.8E00 4.2Et01 4.0E01 2.4E00 1.9E-01

25 3.6E-01 9.9E01 7 1E,01 7.2E00 1.1E+01 51fE00 4.7E-01

30 3.4E-01 18E00 2.8E-02 1.8E-01 64E-01 1.3E-02

D 408.88 10 2.2E-01 5.4E00 5 9E,01 4.5E01 5.8600 3.4E-01 1.5E-01 2.6E-01

20 6.4E-02 4.6E-01 8 8E03 7.6E-02 4.2E-02

'Below analytical detection Ilmit.

Blanks indicate Oottestedfor or data unavallable.

Elevation in feet above sea level for surface of borenole.

'- Isotope activity no decayed, no signlflcant change has occured due to large Isotope half-Afe.

Source: Adapted from Dorian & Richards 1978 (decayed to January 1993).
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Cenunvaorr IpJI/yl

c.np. o•v • p.Prn -
loc.uom Ihl P-11aa^ a^o..pu. cEr aN

6u1•r chn E. to 'o!Eu "'C• C. "go "C

EM BYVa.u plmh

EE 410.58 5 • • 5.4x10 <200/15 • 4.5x10' 1.1x10' 2.0x10' 2.0x10'
10 • • 2.5x10 <200/10 B.4x10° • " • • 1.0x10°
20 • • 2.400' 3.fix10^ Q00/30 1.8x10' 1.7x10' • ' • • 1.6x10

FF 410.09 5 • • ' <200/10 ' ' " ' • '
15 • • Q00/10 ' • • • '

GG 41003 5 • 1.7x10 <200/20 2.0x10° 1.4x10^ 3.700' 1.9x104 1.8x10° 3.7tl102
71/2 • 9 3.10 3.3c10' 200 2.3x10' 6.1x10° 9.7<10° 7.3x10• 3.3x10° 4.2.10' 1.700'
10 • • 1.100' 400/20 • 4.9x10' ` • • 1.0002

13 40e61 B • 5-5E01 3.6010° 1p00 1.1x10' 2.0x10' 3.7x10' • 2.700' 1.300°
10 • 2.6E01 1.7x10° 20<1 o° 1000 1-5x10' 55x10° 3-4x10' • 1.8x10' 2.5x10° 1.410' •
12h • • 50x10' 200 1.3x10' 1.000° 3.11<100 • 3.6x10° 27n10'
15 3.5x10' 400/10 67x10' 4 0.10' 1.400' 4.500' 1.400'

H 406.62 15 • • 2 0.10' 38.10' <200/40 B.fix10° 6.8x10' 1.5k10" ' 1.4x10° 2.5x10' 5.7x10' '
20 • • 2.6x10' <200/20 4-6x10° 9.2x10` 7.3.10' ' 6.200' 1.500'

B.Nn L••k Rrch

CC 391.11 1 . 6.0x10 200 1.9x10' 3 9x10° 39d0° 62.10- 35x10° 1.1x10'
tl5 • 3.5a10' 9.6x10 3.5.10' 200 5.5x10' 1.0x10 1.2x10` 2.9x10' 1.0x10` 6.2x10^ 1.7x10' •
15 6.3x10' <200/10 7.5a30

DD 392.01 5 • • 1 7.10 2.1.10` <200/30 4.200" 7.2x10' 7.110' • 13.1x10' • 1.9x10'
12.5 7.3.10' <200/10 5.1x10'

BNW-1 2.5 6.100' 2.510° 1,000 1.3x10' 2.6x10' 2.3110' 6.9x10' 2.8x10' 1.8x10°

Be 391.34 15 2.700` 2.9x10' <200/10 4.0x10 2 6.10' 6.600' 1.2x10' 1.800' 3.0x10° 1.400'

Effluent Pipennes

M 402.07 5 • • 7.9x10' • <200/10 7.1xID' ' • • • • 1.2z10' •

N 306.10 5 ' • 6.4x10 Q00/20 ' • • • • ' •

0 406.18 5 • . 1.5x10' • <200/30 7.1x10-' 7.8.10, • ' • 55x10' •
10 • 4.2xi0' <200/10 • 5.o0P' • • • •
20 ' 2.000' <200/10 • • • • 1.6x10° •

P 403.07 5 • • 1.7x10' <200/20 • ' • • • 1.1.102 3.Ba10' •
15 ' • 7.3x10' 4.2d0 400/20 ' • • • 2.4x10' •
20 ' • 1.3x10' Q00 ' • • ' • •

'Below analytical detection limit.
Blank Indicates not tested for or data unavailable.
'- Elevatlon in feet above sea level for surface of borehole.
Msotope activity not decayed, isotope hatl-Itle large enough no significant change in activity has occured
Source: Adapted from Dorlan and Richards 1978 (decayed to January 1993).
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w

Elev." Concentrations (pCi/g)

Sample
LAMLIion

Depth

(ft) L&Pu 119i1JO 'lu" 90Sr gREu 60Co ISiEu U"ICs I55Eu

A 408.15 5 * * * * * *

10 * * * * *

15 * 2.2E-01 7.3E+01 * * * * *

17.5 2.3E-01 1.6E-01 * 53E-01 *

20 3.3E00 1.3E00 * 2.OEOO *

22.5 * 2.1E-01 6.2E+01 I.lE+01 2.9E00 1.8E00 1.9E00 8.OE-02

25 1.3E+01 2.OEOO L.9E00 2.2E00 *

27 * 5.5E-02 1.9E+0I I.OE00 1.6E-0I * 1.5E00 *

B 405.75 20 * 6.9E-02 3.2E+01 I.4E00 7.9E-01 * 7.4E-0 1 *

F 412.36 20 * * * * *

25 * * 3.4E00 * * * * *

30 * * 2.3E00 * 2.7E-02 * * *

*Below analytical detection limit
Isotope activity not decayed, isotope half-life large enough no significant change has occured.
Elevation in feet above sea level for surface of borehole.

Blank indicates not tested for.
Source: Adapted from Miller and Wahlen 1987 (decayed to January 1993).
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Vi

Cown4e^ (VCI/yl

Simrnpe

Luceuon

Elev.' Deprh

Ihl

"pu '""Opu' '0Sr j1 "Eu 'Co •'=°Ce 'uCe "'EU V

116f-6 Liquid Waste Dlspo5al Trench

6-A 413.78 71/2 ' 7.6E 01 6.5E00 2.6E+01 7.6E+01 1.5E+01 1.51E+01 ' 4.9E+01 3.5E-01 1.9E-01

15 • 2.0E-01 3.2E00 6.7E00 1.1E00 1.41E00 • 6.4E00 1.5E-02

27 3.0E00 8.8E-01 1.4E-01 1.7E-01 1t`.iE-04 7.4E-01 2.9E-02

60 40968 10 ' 2IlEU1 20E00 2-1E+01 3.2E+01 47E00 5.6E00 1.3E-03 17E+01 4.7E-01

1/-1/2 • 17E 01 2.3E00 2.0E+01 2.7E00 3.7E0 ' 1.5E+01 6.7E-02

221/2 1.5E00 46E-01 3.6E-02 6.0E-02 1.7E-04 2.1E-01 6.6E-03

o C 414.46 25 • • 1-5EtID ' ' • ' 1.0E-02

28 2.4E00 • • • • •

6 Cl 409.9 5 • • 1.5E00 3.2E00 3.5E-01 3.1E-01 1.8E-04 7.4E00 8.6E-03

20 ' 57E 01 5.2E00 1.6E+01 5.5E+01 5.1E00 9.4E00 2.1E-03 2.3Ei01 9.1E-01 1.5E-01

25 ' • 7.3E00 1.6E-01 1.3E-02 5.2E-02 8.1E-02 •

116F-4 Pluto Crib

4-A 410.2 8 1.3E00 1.1E.02 2.0E+03 5.4E00 8.6E00 ' 3.4E+01 1.4E-01 3.7E+03 3.3E+01 1.3E0

121/2 3.3E-01 2.9E+01 4.2E+02 5.9E00 1.5E-01 8.1E00 ' 7.4E+02 2.4E00

20 ' 7.2E-01 1.1E+01 2.4E-01 ' • • 1L5E+01 2.9E-02

48 411 5 ' 1.1E-01 5.0E-02 • • ' • 4.0E-01 7.0E-03
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•
Conunmtlan (pCUEI

b.mpl.

luc.uun

Elev Deplb

(nl

"fu '"1Opif °br 'H '°EU °CO u'Eu 'AC. ^•Eu IY

116 -F10 Pcrt Decontaminatlon French Drain

10-A 413.98 15 • • • • • • • 1.3E-02

ltl-tl 414 12-1/2 ' ' 2.0E-Ol 7.3Ei-01 1.1Er02 4.1E+01 0.1E00 1.3E-03 1.2E+01 9.3E00 1.1E-01

17-1/2 4.36t11 1.1E-01 1.1E+02 6.SEM1 1.8E00 2.3E-01 5.OE+01 5.9E-02

27 • - B 71, 01 4.6E01 4.6E00 4.3E00 1.2E00 1.6E-04 2.8E*01 2.1E-02

10 C 414.2 20 • • • 1.4E-01 1.BE-02 ' • • 1.9E-02

II6-F3Fuel5torageBaslnTrench

A 414-3 1B • ' 3-6E-I)2 • • • • • •

6 414 20 • • 7.3E-02 5.4E-02 71E02 5.3E-03 • 1.0E-02

116-F-5 Out Washer Crib

6 A 409.23 10 • • 1tlE02 1.4HI1 • 2.7E02 1.5E 02 •

I la-F-7 Cnb

7-A 404.28 10 ' 10E01 3.8E02 1.1E01 • • • 2.2E02 •

116 F-11 Cushion Corrlbor French Drain

105-FA 413.1 5 • • 2.3E-01 1.5E-01 2.4E00 9.4E-02 3.1E-01 1.0E00 1.0E-03

132-F-6 Lift Station ^ .

132-A ^ 25 • 1.7E-01 1.3E00 1.2Er01 19E.01 1.3E00 5.0E00 1.3E-03 4.2E00 4.6E-01

30 ' • 5.4E-01 13E+01 4.4E-01 1.6E00 4.6E-)4 1.1E00 1.4E-01

'Below analytical detection limit.
'- Isotope activity not decayed, isotope half-lite large enough no significant change occurs.
°- Elevation In teet above sea level for surface of borehole.
Blank indicates not tested for or data unavallable.
Note: Some data for sample locations C. D, and E were not available.
Source: Adapted from Dorlan and Rlchards 1978 ( decayed to Januery 1993).
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